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It is only within the last half-dozen years that any serious attempt 
has been made to deal systematically with the parasitic worms of 
Australia. In 1909 Dr T. Harvey Johnston commenced what has 
proved to be a most extensive and successful survey of the cestode 
parasites. Dealing at first chiefly with Southern forms, he has latterly 
(1912) continued his investigations in Queensland and has extended 
them to include Nematodes and Echinorhynchs. Some years previously 
(1901) Dr S. J. Johnston of Sydney had started a study of the Trematode 
parasites, but this did not lead to any outstanding results until last 
year, when his important paper on the Trematode parasites of Austra- 
lian frogs appeared. He has followed this up by another important 
work on Trematodes from North Queensland, which has appeared 
during the present year. 

Dr Georgina Sweet of Melbourne has probably done more than 
anyone of recent years to initiate and encourage the study of Australian 
parasitic worms, especially from the economic side, and her “Endo- 
parasites of Australian Stock and Native Fauna” (1909) marks what 
may be regarded as the beginning of renewed interest in these matters, 
The observations of earlier workers were chiefly confined to the parasites 
of domestic animals, and the only really considerable contribution to 
our knowledge of the parasites of the Australian native fauna was that 
made by Krefft (1871). 
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It is thus evident that a large field remains practically untouched, 
and that is particularly the case in North Queensland, where until 
recently very few observations have been made. Bancroft showed that 
many of the Queensland birds were infected with worm parasites but he 
made no attempt to identify or describe such forms as he met with. 
Krefft recorded the occurrence of several unidentified Trematodes in 
Queensland, while the common Paramphistomum cervi was found by 
Cobb (1891) in the ox, and by Krefft (1871) in the sheep. In addition 
to the cestodes described by Krefft a few forms have been recorded from 
North-East Australia, chiefly by Zschokke. Only a few, mainly 
unidentified Nematodes, have been recorded from Queensland, for the 
most part by Krefft. Von Linstow (1898) has described three other 
species. Only one Echinorhynch, Gigantorhynchus semoni, has been 
recorded (von Linstow, 1898). 

This constituted our entire knowledge of the helminth parasites of 
Queensland animals prior to the foundation of the Australian Institute 
of Tropical Medicine in 1910. In that year a thorough systematic 
investigation of the available native fauna was commenced by Dr Breinl, 
with the result that a comparatively large collection of worm parasites 
has been gathered together, many of which are of considerable interest. 

Several of these have already been described in the above mentioned 
papers of T. H. Johnston and S. J. Johnston and in the recently pub- 
lished Annual Report of the Institute (Breinl, 1913). 

The collection now contains specimens of 49 species of Trematodes 
from Queensland and the Northern Territory. Ten of these are 
already known species, while seven new forms have been described by 
S. J. Johnston. In the present paper an additional twelve new species 
are recorded, two of which represent new generic types. 


Family OPISTHORCHIIDAE. 
Genus Clonorchis Looss. 
Clonorchis sinensis Cobbold. 


Two small lots of Clonorchis, as well as one mounted specimen, are 
present in the museum. The mounted specimen and one of the bottles 
were presented by Dr C. L. Strangman, Port Darwin. The origin of 
the other lot is unknown. In the specimen presented by Dr Strangman 
the length varies from 17°5 mm. to 21 mm., and the breadth from 4 mm. 
to43mm. The figures exceed the limit usually given for this parasite, 
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The oral sucker measures 0°63-0°74 mm. with an average of 0°69 mm. 
in the five specimens measured. The ventral sucker has a diameter of 
0°44-0°55 mm., average 0°50 mm. In all the specimens the oral sucker 
exceeded the maximum limit assigned to it by Looss, but the ventral 
sucker corresponded more closely in size to the figures given by him. 
The sucker ratio is on an average approximately 7:5 or 1°38:1, which 
approaches sufficiently near the ratio 16:12 given by Looss. In one of 
my specimens, however, the sucker ratio was nearly 18: 12. 

In the second lot of specimens the length was 11-15 mm. and the 
breadth 2‘7-4mm. They were not so carefully preserved as the 
previous lot and many of them were much distorted. 

They were all quite mature. The oral sucker measured 0°53-0°67 mm. 
and the ventral 0°45-0°52 mm., the average being 0°60 mm. and 0°48 mm. 
and the ratio 5:4. The dimensions in this lot evidently correspond 
more closely to those given by Looss for Clonorchis sinensis than do 
those of the previous lot. It is quite possible that the latter were 
flattened by pressure which might account to some extent for the in- 
creased dimensions. In any case, however, it is certain that the oral 
sucker may occasionally be somewhat larger than the maximum quoted 
by Looss, and on the other hand that fully mature specimens may be 
found as small as 11 mm. 

The mounted specimen corresponds more nearly to Clonorchis 
endemicus (Baelz). It is 15 mm. in length and has suckers measuring 
0°46 mm. and 0°39 mm. respectively. This specimen cannot be ascribed 
to C. sinensis unless it be admitted that the minimum limit (0°52 mm.) 
given by Looss, for the oral sucker, is too high. 

It is unfortunate that the specimens at my disposal were not more 
numerous so that I might have been able to pass some opinion on the 
question of the identity of the two species of Clonorchis. 


Family FASCIOLIDAE. 
Sub-family FASCIOLOPSINAE. 
Genus Fascivlupsis Looss. 
Fasciolopsis buski (Lank.). 


A single specimen of this parasite was presented to the Institute by 
Dr C. L. Strangman, Port Darwin, but there are no particulars with 
regard to its origin, 
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Family ECHINOSTOMIDAE. 
Sub-family ECHINOSTOMINAE. 
Genus Echinostoma Rud. 
Echinostoma elongatum n. sp. 
(Plate XXIII, fig. 1.) 


A few specimens of this parasite were collected by Dr Nisbet, 
Townsville, from the intestine of a night-jar (Podargus strigoides ?). 
They are of moderate size, 6-95 mm. in length with a maximum 
breadth of 0°7-0°8 mm., the broadest part of the body being across the 
testes. The breadth is fairly uniform, the sides of the body being 
almost parallel for a considerable part of their length. The breadth of 
the head is 0'5-0°6 mm. The body is fairly flat and is covered in front 
of the ventral sucker with numerous cuticular spines. 

There are 35 cephalic spines arranged in two unbroken rows and 
with end groups of four on each side. In one specimen only 33 spines 
could be made out. The spines vary considerably in length, the limits 
being 0°06 mm. and 0°095 mm. and the average about 008mm. Asa 
rule the spines in the end group are rather longer than the others, but 
no constant difference could be detected. 

The oral sucker is very small, measuring only 0:11-0:15 mm. in 
diameter. The ventral sucker, which is situated at a distance of 
11-15 mm. from the anterior end, measures 0°35-0°5 mm. in diameter 
and 055-065 mm. in depth. It is oval in outline. 

The prepharynx is about 0°08 mm. long and the pharynx measures 
0'12x01mm. The oesophagus is 03 mm. long. The intestinal 
diverticula extend to the posterior end of the body. 

The genital aperture is over the intestinal bifurcation and the 
cirrus-pouch is short and plump, not extending beyond the middle of 
the ventral sucker. It measures about 0°5 x 0'°2 mm. and contains a 
large vesicula seminalis, a small pars prostatica and a long ductus and 
cirrus. The testes lie in the posterior half of the body, the post-testi- 
cular space being about 14mm. or rather more than a sixth of the 
body-lengtl. They lie directly tandem and are separated by a space of 
about 02mm. They measure on an average 10 x 0°46 mm. but the 
posterior is usually a trifle larger than the anterior testis. 

The smaller globular ovary lies 0°3 mm. in front of the anterior 
testis and has a diameter of 0'22mm. Behind it lies the shell-gland 
complex and the receptaculum seminis. The yolk. glands occupy the 
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sides of the body from the posterior border of the ventral sucker to 
almost the tip of the tail. They completely envelope the intestinal 
diverticula but do not overlap the testes and do not unite in the post- 
testicular space. The uterus is not very voluminous and contains only 
about 70 eggs. They are of large size measuring 0:091-0:105 x 0:054- 
0073 mm., the average being 0°098 x 0°059 mm. 


Echinostoma australasianum n. sp. 
(Plate XXIII, fig. 2.) 


Four specimens of this species were obtained from the intestine 
of the native companion (Antigone australasiana). It differs very 
considerably from the foregoing species chiefly in the shape of the 
ventral sucker and in the position of the genital glands. It is decidedly 
larger, measuring 13-14 mm. in length. The maximum breadth across 
the ventral sucker is 175mm. The head is bent towards the ventral 
surface and there is a pronounced cervical concavity. The neck expands 
abruptly in front of the ventral sucker and the body thereafter narrows 
gradually towards the tail. Spines are present on the anterior part of 
the body as far back as the posterior border of the ventral sucker. 

The head has a breadth of 1 mm. and on it are 45 cephalic spines 
arranged in two unbroken rows. They have the usual disposition and 
shape, and measure 011-0135 mm. in length. The spines of the 
auterior row are somewhat longer than those of the posterior row. 

The oral sucker is comparatively large, measuring 0°38-0°41 mm. in 
diameter. There is practically no prepharynx but the pharynx is of 
large size and measures 0°35 x 02mm. The oesophagus extends back- 
wards to a little in front of the ventral sucker where the bifurcation 
takes place. The diverticula extend to near the tip of the tail. The 
ventral sucker is decidedly funnel-shaped. Its diameter is 1-1 mm. but 
its depth is almost twice as great, namely 2.1mm. The centre of the 
aperture is about 2'1 mm. from the anterior end of the body. 

The genital aperture is median just behind the intestinal bifurcation. 
The cirrus-pouch is short and plump and does not quite reach the 
middle of the ventral sucker. It contains a large convoluted vesicula, 
a short prostate and a moderately large ductus and cirrus. The vagina 
is very muscular and extends beyond the posterior border of the ventral 
sucker. 

The anterior testis is situated almost exactly in the middle of the 
body. The second testis is a very short distance behind it and the 
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post-testicular space measures 52mm. The testes are elongated oval 
with a decided constriction about their middle. They measure about 
12 x 07 mm., the posterior being slightly the larger. 

The transversely oval ovary lies 05mm. in front of the testes. 
Its dimensions are 0°5x03mm. The Jarge shell-gland and the 
receptaculum seminis lie close behind the ovary. The yolk glands are 
somewhat voluminous, extending from a little in front of the posterior 
border of the ventral sucker to within a short distance of the tip of the 
tail. They do not unite nor do they overlap the testes. The uterus is 
confined between the ovary and ventral sucker. It contains about 50 
eggs which measure 0°105-0°126 x 0:065-0°077 mm. 

Of these two species of Echinostoma, Echinostomum elongatum bears 
most resemblance to Z. uncatum Dietz. It has the same number of 
cephalic spines, but they are somewhat smaller. The suckers, particu- 
larly the oral sucker, and the pharynx are also smaller and the ova are 
larger. Altogether, apart from the size of the oral sucker, the differences 
between the two species are very slight. . australasianum is most 
closely related, perhaps, to Z. sarcinum Dietz, but differs from it chiefly 
by reason of the large size of the suckers and the great depth of the 
ventral sucker. 


Genus Patagifer Dietz. 
Patagifer bilobus (Rud.). 


A single specimen of this species was obtained from the intestine of 
a glossy Ibis (Plegadis falcinellus). 


Family DICROCOELIIDAE. 
Genus Eurytrema Looss. 


Eurytrema crucifer n. sp. 
(Plate XXIII, fig. 3.) 


A few specimens of this interesting species were found in the gall- 
bladder of a slow-worm (Delma fraseri). It is a small plump species, 
measuring 0°7-0°8 mm. in length and 0°35-0°4 mm. in greatest breadth. 
The outline is almost oval but the neck narrows very abruptly. There 
are no spines on the cuticle. 

The oral sucker has a diameter of 0°18 mm. and the smaller ventral 
sucker 015mm. The latter is situated 0°35 mm. from the anterior end 
of the body. Both suckers are globular with wide apertures. 
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There is no prepharynx. The moderately large pharynx has a 
diameter of 0°04 mm. and it is followed by a somewhat shorter oeso- 
phagus. The intestinal diverticula in most specimens are greatly 
dilated and extend almost to the posterior end of the body. 

On each side of the posterior half of the ventral sucker lies a small 
round testis, with somewhat crenated margin and having a diameter of 
004mm. Just behind the sucker and slightly to the left side lies the 
globular ovary which is about the same size as the testes. The yolk 
glands are situated to the outer side of the intestinal diverticula, and 
overlapping the latter to a considerable extent. They extend from the 
testes to a short distance behind the level of the ovary. They are very 
compact. The transverse yolk ducts cross behind the ovary. The 
uterus, especially in the less mature specimens, has a characteristic 
cruciform course. It runs backwards from the ovary to the tip of the 
tail, where it makes a turn to one side or the other and then returns. 
When it reaches the level of the yolk glands it makes a single transverse 
convolution across almost the whole breadth of the body and finally 
forms one or two loops just behind the ventral sucker. In more mature 
specimens this arrangement is, to some extent, obliterated. The eggs 
are not numerous and measure 0°03-0'033 x 0:021 mm. _Posteriorly they 
are light in colour but in the transverse convolution and in front of it 
they are dark brown, and enclose fully developed miracidia. 

The genital aperture is median, just behind the intestinal bifurcation. 
The cirrus-pouch is small and inconspicuous, and does not reach the 
ventral sucker. 


Genus Mesocoelium Odhner. 
Mesocoelium microon n. sp. 
(Plate XXIII, fig. 4.) 


This species was obtained from the duodenum of Hyla coerulea, 
H. gracilenta and Tiliqua scincoides. It is very common and usually 
occurs in numbers of from 10 to 40 in each host. 

It is a moderately small species, measuring 1-2 mm. in length. In 
pressure preparations the length may be as much as 35mm. No 
specimens under 1 mm. were obtained and one measuring 1*1 mm. was 
fully mature. In three of the larger specimens the average length was 
194mm. and the greatest breadth, just behind the ventral sucker, 
was 077mm. The outline is elongated oval, pointed at both ends. 

The cuticle is covered with minute closely-set spines which dis- 
appear gradually towards the posterior end. The oral sucker, which is 
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usually elongated longitudinally and which has an elongated aperture, 
measures 0°25 mm. in diameter. The ventral sucker which is usually 
transversely elongated measures 0°18 mm. in diameter. The ratio of the 
suckers is therefore considerably less than 3:2. The ventral sucker 
is situated at a distance of 0°57 mm. from the anterior end. 

The pharynx is almost contiguous with the oral sucker and measures 
0:08 mm. in length and breadth. The oesophagus is twice as long as 
the pharynx, and the intestinal diverticula extend a little beyond the 
middle of the body. 

The excretory vesicle extends forward to a short distance behind the 
receptaculum seminis. 

The genital aperture is situated in the middle line a little in front 
of the intestinal bifurcation. The short slender cirrus-pouch reaches 
back to just in front of the ventral sucker. It contains a small vesicula 
seminalis, an almost globular pars prostatica and a long ductus ejacula- 
torius. 

The testes are situated on the level of the ventral sucker and 
overlapping it to some extent. They are rarely symmetrical, the left 
usually being a little in advance of the right. They are irregularly 
rounded bodies measuring about 0°21 x 0'14mm. There is considerable 
variation in their position, size and shape. 

The ovary lies on the left side almost immediately behind the left 
testis. It is a large rounded or somewhat heart-shaped body measuring 
0°15 mm. in diameter. On its inner side lies the shell-gland complex with 
a small receptaculum seminis. The yolk glands extend from the oral 
sucker to near the end of the intestinal diverticula, Behind the ventral 
sucker they are confined for the most part to the outer side of the diver- 
ticula, but in front of the sucker they spread out, overlapping the 
intestines and in some cases almost uniting dorsally to the oesophagus. 
The uterus is very voluminous and contains a large number of eggs. 
From the ovary it winds back on the left side to the posterior end of 
the body. It returns on the right side but about the middle of the body 
it forms a convolution which extends right across the body. It then con- 
tinues up on the right side, crossing the right testis. The eggs measure 
0°033-0°041 x 0°024—0°:028 mm., the average being 0°038 x 0°026 mm. 

The species is subject to a number of small variations which chiefly 
affect the position of the genital glands. 

Remark has already been made on the variability of the testes. 
The same applies to the ovary and the receptaculum seminis, The 
yolk glands also vary in extent. In one case they were entirely absent 
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on one side behind the ventral sucker. In another specimen they were 
so poorly developed as to be almost non-existent. In the same 
specimen the uterus or, rather, the odtype appeared to be functioning 
imperfectly, for the eggs were badly shaped and much scattered. This 
individual further showed amphitypy and in addition the intestinal 
diverticula ended immediately behind the ovary. It was a specimen 
from Tiliqua scincoides and it was the only one in which these abnor- 
malities occurred. 


Family LEPODERMATIDAE. 
Genus Lepoderma Looss. 
Lepoderma nisbetii n. sp. 
(Plate XXIII, fig. 5.) 


Only two specimens of this species were obtained from the intestine 
of a drongo (Dicrura bracteata). They were somewhat macerated but 
sufficient details remained to enable a definite description to be made. 

The worm has the typical Lepoderma shape and measures 1°25 mm. 
in length. The greatest breadth, across the ventral sucker, is about 
04mm. The cuticle is closely beset with short spines which disappear 
towards the posterior end. 

The oral sucker measures 0°22 x 0°24 mm. and the ventral sucker 
0°15 x 0°14 mm., the ratio being a little over 3:2. The ventral sucker 
is situated at a distance of 034mm. from the anterior end. The 
pharynx is contiguous with the oral sucker and there is practically no 
oesophagus. The intestinal diverticula extend almost to the posterior 
end of the body. 

The genital aperture is median and lies over the intestinal bifurca- 
tion. The cirrus-pouch is small and does not reach much beyond the 
centre of the ventral sucker. The ovary lies 0'1 mm. behind the ventral 
sucker and slightly to the right side. It is a globular body with a 
diameter of 0.11 mm. The anterior testis is 0°04 mm. behind the ovary, 
from which it is separated by the uterus. It is on the left side and is 
elongated oval with a long diameter of 0°1 mm. The posterior testis 
lies on the right side, half a diameter behind the anterior testis, and it 
is slightly larger than the latter. 

The yolk glands extend from midway between the suckers to the 
posterior end of the body. They do not unite and are of fairly uniform 
width, overlapping the intestinal diverticula along their whole length. 
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The uterus has the disposition characteristic of the genus. It winds 
back from the ovary between the testes and fills a considerable part of 
the post-testicular space. It returns the same way and passes forward 
to the genital aperture. The eggs are not very numerous. They 
measure 0°030-0°032 x 0°015-0°016 mm. 


Genus Dolichopera n. g. 
Dolichopera parvula np. sp. 
(Plate XXIV, fig. 6.) 


Two specimens of this interesting species were obtained from the 
intestine of a carpet snake (Python variegatus). It is a small delicate 
species with rounded anterior end and sharply pointed posterior. The 
measurements taken from a slightly pressed specimen are :—length 
2-4 mm., maximum breadth 0°7 mm. just in front of the ventral sucker. 
The cuticle is covered with short spines which disappear behind the 
ventral sucker. The oral sucker has a diameter of 0-41 mm. and the 
ventral 034mm. The latter is situated at a distance of 151 mm. from 
the anterior end of the body. The pharynx is almost contiguous with 
the oral sucker and has a diameter of 009mm. The oesophagus is 
about as long as the pharynx and the diverticula extend right to the 
posterior end of the body, curving inwards behind the ventral sucker. 

The genital aperture lies near the right margin of the body on the 
level of the posterior half of the oral sucker. The cirrus-pouch is 
slender and lightly curved. It stretches obliquely from the genital 
aperture to the intestinal bifurcation. It contains a simple bipartite 
vesicula seminalis, a small bulbous pars prostatica, and a short ductus 
ejaculatorius. Its dimensions are 0°26 x 008mm. The ovary lies over 
the right posterior quadrant of the ventral sucker, and somewhat behind 
it. It is oval with its long axis oblique. The testes are almost sym- 
metrical and lie about 0°1 mm. behind the ventral sucker. The left is 
a little in advance of the right, and they are separated by a space of 
012mm. They are longitudinally oval bodies with a long diameter of 
about 018mm. They lie close to the intestinal diverticula. 

The yolk glands are very scanty, consisting of a few small follicles 
confined to the outer side of the intestinal diverticula and extending 
from the middle of the ventral sucker to the middle of the testes. 
The uterus is very voluminous and fills up the whole of the anterior 
part of the body behind the pharynx. It also completely encircles the 
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ventral sucker and winds back between the testes for a short distance, 
but only comparatively few ova are found behind the ventral sucker. 
The ova measure 0°036-0:043 mm. in length, and 0:021-0°024 mm. in 
breadth, the average being 0°039 x 0:022 mm. 

This trematode bears a close resemblance to the species described 
by MacAlpine (1891) from the tiger snake (Hoplocephalus superbus), 
specimens of which I owe to the courtesy of Dr Sweet of Melbourne. 
MacAlpine’s species, however, is considerably larger and has a much 
longer cirrus-pouch. It may be included in the same genus and for it 
I propose the name Dolichopera macalpini. 

The chief characteristics of the new genus Dolichopera may be 
summed up as follows :—Lepodermatidae of small to moderate size, 
elongated and somewhat flat. Cuticle covered with spines. Ventral 
sucker smaller than oral sucker and situated behind the middle of the 
body. Ocsophagus short and diverticula extending to near posterior 
end of body. Genital aperture between the oral sucker and the margin 
of the body, on the right or left side. Cirrus-pouch sinuous and elon- 
gated. Ovary behind the right posterior quadrant of the ventral sucker. 
Testes behind the ovary near the posterior end of the body, longitudin- 
ally oval and somewhat asymmetrical, the left testis being in advance. 
Yolk glands entirely lateral in the posterior part of the body. Uterus 
very voluminous, filling up the whole of the middle of the body, and 
passing between the testes only for a very short distance. Ova 0°03- 
0°04 mm. in length and about 0°02 mm. in breadth. 

Type. D. parvula Nicoll. 

Habitat. Intestine and lungs (?) of snakes (Australia). 


Genus Aptorchis n. g. 
Aptorchis aequalis n. sp. 
(Plate XXIV, fig. 7.) 


Only a single specimen of this form was obtained from the intestine 
of a turtle (Zmydura latisternum). It is a small flat species the 
posterior part of which is broad and rounded. The width diminishes 
gradually towards the anterior end which is pointed. The cuticle is 
beset with moderately large spines. 

The length is 21mm. and the greatest breadth 0°835mm. The 
oral sucker is globular, with a diameter of 021mm. The ventral 
sucker measures 0°31 mm. and is situated 0°82 mm. from the anterior 
end of the body. 
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There is a distinct prepharynx, 0'l mm. in length. The pharynx 
measures 0°135 x 0°105 mm. and the oesophagus. 0°06 mm. The intes- 
tinal diverticula are short. They keep close to the ventral sucker and 
terminate a short distance behind it, the ends being obscured by the 
uterus. At the intestinal bifurcation the initial parts of the diverticula 
are somewhat swollen. 

The genital aperture is situated a little in front of the ventral 
sucker, over the left intestinal diverticulum. The cirrus-pouch is a 
long, slender and sinuous structure which extends a little beyond the 
posterior border of the ventral sucker. It was found impossible to 
make out with accuracy the details of its internal structure. There 
appears to be a somewhat capacious genital sinus. The testes lie 
exactly midway between the ventral sucker and the posterior end of 
the body. They are symmetrically situated, transversely oval in shape 
and are separated by a space of 0°24 mm. Their dimensions are 
011x018mm. They are only slightly obscured by the uterus. 

The ovary lies midway between the ventral sucker and the testes. 
It is almost median, somewhat oval, and measures 0°10 x 0°13 mm. 
No receptaculum seminis could be detected. The yolk glands are 
entirely lateral and extend from a little behind the ventral sucker to 
the posterior end of the body where, however, they do not unite. They 
are slightly higher on the left than on the right. They extend in from 
the edges of the body a considerable distance and overlap the uterus in 
places. The uterus is very voluminous. Starting from the odtype, it 
passes back between the testes and forms a number of convolutions in 
the post-testicular space. Passing forward again it fills up the greater 
part of the body behind the ventral sucker. The numerous ova 
measure 0°028-0°031 x 0:018-0°019 mm. 


The inclusion of the two preceding forms within the family 
Lepodermatidae must be regarded as somewhat doubtful. They both 
depart from the typical arrangement in having the testes well nigh 
symmetrical, though in each there is a tendency for the left testis to be 
a little in advance of the right. This is barely perceptible in Aptorchis. 
The position of the ovary in the latter is also somewhat atypical, while 
the yolk glands have an unusual disposition. In Dolichopera the 
position of the uterus is unique. In spite of the large number of genera 
which have now been included in the family it is surprising that there 
yet appears no possibility of arranging them in sub-families. Practically 
no other family of Distomate Trematodes shows such‘a conflicting diver- 
sity of form and structure. 
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Family CEPHALOGONIMIDAE. 
Genus Prosthogonimus Luhe. 
Prosthogonimus vitellatus n. sp. 
(Plate XXIV, fig. 8.) 


Two specimens of this species were obtained from the bursa fabricii 
of a drongo (Dicrura bracteata). Unfortunately both were damaged in 
collecting, but one was in a sufficiently good state to permit of a fairly 
accurate description. It is a moderately large form measuring 5 mm. 
in length and 2°6 mm. in maximum breadth. The body is roughly oval 
in outline but there is a slight constriction just in front of the ventral 
sucker and from there the neck narrows very rapidly to the pointed 
anterior end. The posterior end of the body is rounded. The cuticle 
is covered with stout spines in the anterior half of the body and these 
are present both on the ventral and dorsal surfaces. The oral sucker is 
elongated and measures 0°53 x 0°33 mm. The ventral sucker is almost 
globular, measuring 0°66 x 071mm. It is situated at a distance of 
158 mm. from the anterior end of the body, so that the neck is almost a 
third of the body-length. Contiguous with the oral sucker is a large 
pharynx, measuring 02 x 018mm. The oesophagus is about the same 
length (0°21 mm.) and the wide intestinal diverticula extend to within 
0°38 mm. of the posterior end of the body (twice the length of the testes 
behind the posterior border of the testes). Behind the testes the 
diverticula gradually bend in towards the median line, and their ends 
are somewhat inflated. 

The genital aperture is situated to the left of the mouth, near the 
margin of the body. The cirrus-pouch is a long sinuous structure 
extending backward to a little behind the intestinal bifurcation. The 
two large testes lie almost immediately behind the ventral sucker, and 
are bounded on their outer side by the intestinal diverticula, They 
are separated from each other by a space of 0°46mm. They are sym- 
metrically situated, elongated oval in outline and measure about 0°73 x 
053mm. They are overlapped to some extent by the uterus. 

The ovary lies dorsal to the posterior half of the ventral sucker and 
somewhat to the right side. It is a large, deeply-lobed body measuring 
0-72 mm. in greatest diameter (transverse). Close to its left side lies a 
fairly large shell-gland. The yolk glands lie mainly to the outer side 
of the intestinal diverticula but a certain number of follicles are found 
on the inner side, especially anteriorly. In this respect the specimen 
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was somewhat asymmetrical, the glands on the right side extending 
further inwards than those on the left. Their anterior limit is just 
behind the intestinal bifurcation, and posteriorly they reach the 
posterior border of the testes. The yolk ducts cross and unite behind 
the ovary. The uterus fills up the posterior half of the body in the 
manner characteristic of the genus. It overlaps the intestinal diver- 
ticula, the testes and the ovary. The numerous eggs are small and 
measure 0°025-0:03 x 0°013-0°017 mm., the average being about 0°028 x 
mm. 

This species differs from P. ovatus in several respects, but chiefly in 
the size of the suckers. It bears more resemblance to P. cuneatus but 
differs from it in the greater extent of the yolk glands and in the some- 
what larger size of the eggs. The extent of the yolk glands along with 
other features differentiate it from P. anatinus and P. pellucidus. 


Family HOLOSTOMIDAE. 
Genus Hemistomum Diesing. 
Hemistomum brachyurum n. sp. 
(Plate XXIV, fig. 9.) 


A few specimens of this species were obtained from the intestine of 
a spotted owl (Ninox maculata). It is a small form measuring only 
15-2 mm. in length with a maximum breadth of 0°55-0'7 mm. Of the 
total length the anterior expanded portion comprises 3. The “ tail,” or 
rather the posterior part of the body, is therefore considerably shorter 
than the anterior part. It is also much narrower, being only 035-05 mm. 
in breadth. The edges of the anterior part of the body are well turned 
over and almost opposed along half their length. The surface of the 
expanded portion is covered with tiny spines. 

The small oral sucker has a diameter of 0°06 mm.; the ventral 
sucker measures 0°105 mm. and is situated at a distance of 0°57 mm. 
from the anterior end, 7.e. exactly in the middle of the anterior part of 
the body. The adhesive disc has a diameter of 0°23-0°30 mm. and is 
separated from the ventral sucker by a space of 0°05 mm. It is elevated 
about 0°13 mm. above the surface of the body. 

The pharynx is contiguous with the oral sucker and measures 
0:05 x 0°037 mm.; the oesophagus is 0°066 mm. in length and the 
intestinal diverticula extend right to the posterior end of the body, not 
diverging very far from the median line at any part of their course, In 
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the anterior part of the body they are somewhat dorsal in position but 
on passing into the posterior part they become ventral. 

The transversely oval ovary measures 0°20 x 0°14 mm. and is situated 
exactly at the junction of the anterior and posterior parts of the body. — 
The testes lie a short distance behind the ovary; they are large and 
broad and stretch right across the whole breadth of the body. They 
are almost contiguous with each other and their diameter in the long 
axis of the body is 014mm. The large shell-gland lies between the 
testes and dorsal to them. There is no receptaculuin seminis but the 
initial part of the uterus, which is highly convoluted, is packed full of 
sperms. A long convoluted Laurer’s canal is present. 

The yolk glands fill up a large portion of the anterior part of the 
body, extending into the roiled edges almost to their margin. Their 
anterior limit is the intestinal bifurcation. Passing into the posterior 
part of the body they withdraw from the lateral fields and are entirely 
median. Behind the testes they again spread out to the sides of the 
body, separating as they do so and leaving a clear space at the tail. 
The uterus fills up the median field of the posterior part of the body 
and there are occasionally a few eggs in the anterior part as well. 
There are usually about 20 eggs which measure 0°1-0°102 x 0°057- 
0066 mm. The vagina is thick walled and considerably twisted. 

The bursa copulatrix, situated at the posterior end of the body, 
opens by a wide terminal aperture which is directed obliquely towards 
the dorsal surface. Through the aperture projects the comparatively 
large genital papilla. The large highly convoluted vesicula seminalis 
lies immediately behind the posterior testis. There is a wide and fairly 
long ductus. 


Genus Strigea Abildgaard. 
Strigea promiscua n. sp. 


Numerous specimens of this form were obtained from the intestine 
of a spotted owl (Ninox maculata) and of a boobook (NV. boobook). It is 
of moderate size, measuring 2°3-3'5 mm. in length. The maximum 
breadth of the posterior part is as great as, usually greater than, the 
breadth of the anterior part, and is about a } of the length. The 
anterior portion comprises about 2? of the total length, and it is almost 
ovoid in shape. The posterior portion is more cylindrical. 

The oral sucker has a diameter of 0°17 mm. and is situated on the 
pointed anterior margin of the body. The pharynx is contiguous with 
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the oral sucker and measures 0°15-0°17 mm. in diameter. The oeso- 
phagus is twice as long as the pharynx and the intestinal diverticula 
extend almost to the posterior end of the body. In the posterior part 


* they approach the ventral surface. The ventral sucker has a diameter 


of about 0°25 mm. 

The ovary is situated a little behind the middle of the body and 
measures 0°5 x 0'25mm. It is a kidney-shaped organ with the hilum 
directed backwards. The two large testes lie immediately behind the 
ovary and are contiguous with each other. They extend across the 
whole breadth of the body. Their edges are crenated. 

The yolk glands extend from near the oral sucker along the whole 
length of the body. In the anterior part they fill up the whole breadth 
of the body, but in the testicular region they are restricted to narrow 
bands running along the ventral surface of the intestinal diverticula. 
They enter the pedicle of the adhesive disc and the ventral wall of the 
cup. The shell-gland complex lies between the testes and dorsal to 
them. Laurer’s canal is present and the initial part of the uterus is 
filled with sperms. The uterus fills up the middle field of the whole 
posterior part of the body and contains numerous large eggs measuring 
0°103-0'105 x 0:07-0°075 mm. The highly convoluted vesicula seminalis 
lies immediately behind the testes and opens on to a rather small genital 
papilla, which is enclosed in a bursa copulatrix of moderate size. The 
aperture of the bursa has a very slight dorsal inclination. 

This species does not correspond with any of the already known 
Australian Holostomids. It bears closest resemblance to the European 
Strigea gracilis, but ditfers from it in having yolk glands throughout 
the whole length of the body. 


Strigea flosculus n. sp. 


A few somewhat macerated specimens of this species were obtained 
from the intestine of a night-jar (Podargus strigoides). They were not 
in a particularly good state for examination but sufficient details could 
be made out to show that they belong to a new species. The specimens 
are delicate and slender and measure 16-24 mm. in length. The 
anterior portion, which is shaped like a half-open rose bud, has a length 
of 055-07 mm. and its breadth is only slightly less (0°5-0°6 mm.). 
The posterior portion is almost fusiform, a little more than twice the 
length of the anterior portion, and about 0°4 mm. in maximum breadth. 
The two portions are separated by a marked constriction where the 
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breadth is only 02 mm. The whole body is curved in a semi-circle, the 
dorsal surface forming the concavity. 

The dorsal lamella of the clinging-plug projects only slightly beyond 
the edge of the cup. The ventral lamella is entirely within the cup 
and its anterior edge is thickened ‘and rolled over dorsally. The edge 
of the cup is very oblique so that its ventral lip is almost on the level 
of the ventral sucker. 

The oral sucker has a very prominent anterior lip and its diameter 
is 0075 mm. The ventral sucker is deeply sunk, about 0°25 mm. from 
the head and has a diameter of 0°115mm. The pharynx, which is 
contiguous with the oral sucker, measures 0°055 x 0°04 mm. The 
oesophagus is short. 

The moderately large testes are situated close behind one another 
in the second half of the posterior portion of the body. The smaller 
ovary lies just in front of the anterior testis. The shell-gland complex 
lies between the testes. The yolk glands are voluminous, extending 
along the whole ventral surface of the posterior portion of the body and 
penetrating into the anterior portion at least as far as the level of the 
ventral sucker. They occur in the lamella of the clinging-plug as well 
as in the walls of the cup. . 

The uterus is not extensive and contains only a few eggs. It forms 
a few convolutions in front of the ovary and then passes ventrally 
towards the genital papilla. The ova measure 0°100-0°105 x 0°07 mm. 
The genital papilla is of moderate size. The voluminous and highly- 
convoluted vesicula seminalis lies dorsal and posterior to the second 
testis. 


Tetracotyle tiliquae n. sp. 


In a blue-tongued lizard (Tiliqua scincoides) a number of small, 
intensely white spots were observed beneath the peritoneum of the 
abdominal wall. They were oval in outline and measured about 
1-2 mm. in long diameter. They were found to consist of a soft cyst 
wall enclosing a mass of opaque matter, in the middle of which was a 
transparent oval cyst 0°4 mm. in long diameter. The wall of this inner 
cyst was about 0009 mm. in thickness. Within it was enclosed a small 
larval Holostomid. 

The parasite has the typical appearance of a Tetracotyle larva, and 
measures 0°3mm. in length by 0°19 mm. in breadth. The small oral 
sucker has a single well-marked glandular pit on either side. The 
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ventral sucker is slightly larger than the oral. Close behind it lies a 
somewhat kidney-shaped discus. There is a small pharynx, a moderately 
. long oesophagus and diverticula extending almost to the posterior end 
4 of the body. No other organs were visible. 
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EXPLANATION OF PLATES XxXIill, XXIV. 
The following letters apply to all the figures : 


C.B. Cirrus-pouch. P.G. Genital aperture. 
Ex. Excretory vesicle. R.S. Receptaculum seminis. 
Ov. Ovary. T. Testes. 


Fig. 1. Echinostoma elongatum (x13). 
Fig. 2. Echinostoma australasianum (x8). 
ae Fig. 3. Eurytrema crucifer ( x 133). 
Fig. 4. Mesocoelium microon (x 33). 
Fig. 5. Lepoderma nisbetii (x 67). 
Fig. 6. Dolichopera parvula ( x 33). 
Fig. 7. Aptorchis aequalis ( x 50). 
Fig. 8. Prosthogonimus vitellatus (x 20). 
Fig. 9. Hemistomum brachyurum ( x 44). 


All the figures are drawn from the ventral surface. 
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PSEUDO-PARASITISM. 
By A. E. SHIPLEY, Sc.D., F.RS. 


Two very curious cases of pscudo-parasitism have recently come 
before my notice :— 


(1) Towards the middle of last year some centipedes were forwarded 
to me which had been vomited and passed by a women of 68 years of 
age. Some of the centipedes emerged through the patient’s nose, and 
it must be mentioned that she was also suffering from a round worm. 
One of her doctors was of opinion that the centipedes were certainly 
breeding inside the lady’s intestine, and as many as seven or eight, 
sometimes more, were daily leaving the alimentary canal. 

According to her medical attendant’s statement these centipedes 
had left the body in some hundreds during a period of twelve or 
eighteen months. Their presence produced vomiting and some haema- 
temesis, and treatment with thymol, male-fern and turpentine had no 
effect in removing the creatures. 

As soon as the specimens were sent to me I recognised them as 
belonging to the genus Geophilus and my friend Mr F.-G. Sinclair, the 
well-known authority on the Myriapoda, identified them as specimens 
of the species G. gorizensis Latzel which is equivalent to the G. subter- 
raneus of Leach and Newport. 

It seems to me quite impossible that these centipedes could have 
multiplied in the lady’s intestine. The breeding habits of the genus 
Geophilus are peculiar, and ill adapted for reproducing in such a habitat. 
The male builds a small web or nest, in which he places his sperm, and 
the female fertilizes herself from this nest or web, and when the eggs 
are fertilized they are again laid in a nest or web in which they incubate 
and in two or three weeks hatch out. The young Geophilus differ but 
very little from the adult, except in size. It is just possible, but im- 
probable, that a clutch of eggs had been swallowed by the host when 
eating some vegetables or fruit, but against this is the fact that the 
Geophilus does not lay its eggs upon vegetables or fruit, but upon dry 
wood or earth. The egg shell is very tough and if the eggs had been 
swallowed the egg shells could certainly have been detected if the 
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dejecta were examined. The specimens of the centipede showed very 
little signs of being digested, and it is almost impossible to reconcile the 
story of the patient with what one knows of the habits of the centipedes. 

It may however be mentioned that two species, G. maritimus and 
G. submarinus, lead a semi-aquatic life and Plateau states that these 
species can exist from twelve to seventy hours when immersed in sea- 
water and from six to ten days in fresh-water. “They,” as Mr Sinclair 
writes, “ offer a striking example of the power their class possesses of 
existing under unfavourable circumstances.” 

Dr Theodore Thompson has kindly supplied the following clinical 
details : 

“Examined by me July 1912, her tongue was dry and glazed and 
covered with dry blood. The fauces were dry and glazed. There was 
bleeding taking place from the nose and I saw a living centipede she 
had just extracted from her nostril. Her heart, lungs and abdomen 
appeared normal. She was not very wasted, and did not think she had 
lost much flesh, nor was there any marked degree of anaemia. 

“Dr Sutton who has attended her for eighteen months says he has 
seen some hundreds of the centipedes during that time. The patient 
does not eat watercress but while in Scotland ate a lot of lettuces and 
fruit four years ago and thinks she got infected while there. 

“ Professor Glynn of Liverpool examined the blood and said it was 
normal. 

“T did a differential count of a blood slide and counted 200 white 
cells. 

“Result. Proportion of white cells to red cells normal: no nucleated 
red cells seen: polynuclears 76 °/,: lymphocytes 23 °/,: eosinophile 
cells 1 °/,.” 


(2) A few weeks ago an organism, slightly digested, was sent to 
me which had passed through the alimentary canal of a doctor. It 
had been identified as a Trematode, but it appeared to be a slug. 
I therefore sent it to Mr Collinge of Birmingham who tells me it is a 
specimen of Milax marginatus (Miill.). It is difficult to understand how 
so soft a creature could pass through the alimentary canal without 
being digested, but in the Collinge collection of the Pulmonata in the 
Museum of Zoology and Comparative Anatomy at Cambridge, there 
are specimens of an undetermined species of Veronicella which had 
passed through the intestine of a horse at Lagos. These slugs show 
even less signs of digestion than the Milax marginatus. 


| 
| 
| 
oH 


353 


REGENERATION IN ARGAS PERSICUS. 


By EDWARD HINDLE, B.A., Ps.D., 
Assistant to the Quick Professor of Biology, 


AND NORMAN CUNLIFFE, B.A., 
Student in Medical Entomology. 


(From the Quick Laboratory, Cambridge.) 


(With 4 Text-figures.) 


General Introduction. 


THE present investigation was primarily undertaken by Mr G. 
Merriman at the suggestion of Professor Nuttall, but was discontinued 
at a very early stage owing to Mr Merriman’s departure for Africa. 
The object of the investigation was: 

(1) To determine if immature stages of ticks whose mouth-parts 
have been mutilated or torn off by the forcible removal of the parasite 
from the host possess the power of regeneration. In nature, many 
immature ticks must be injured in this manner, and it seemed of 
interest to determine if they could regenerate the lost parts, thus helping 
them in the struggle for existence. 

(2) To determine if the small legs occasionally observed in nymphal 
and adult ticks are due to mechanical injury followed by regeneration. 
A very striking example of such a tick is the type specimen of 
Amblyomma scaevola Oudemanns (¢*), in which tuur legs are markedly 
under-developed. In the large quantity of tick material that has been 
received at the Quick Laboratory, individuals with one or more miniature 
legs have been observed repeatedly. 

In addition, the subject is one possessing considerable interest from 
a general point of view, as hitherto there have been extremely few 
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observations upon regeneration in the Arachnida and, so far as we are 
aware, none in the Ixodoidea. 

The present paper contains a short account of the regeneration of 
the limbs in Argas persicus. In a future communication we propose 
to describe also the regeneration of the mouth-parts. 


Historical. 


The first author to describe regeneration in an Arachnid was 
Lepeletier (1812), who noted that in spiders regenerated legs were 
normally jointed but shorter and darker than the other legs. J. Banks 
(1829) and Heineken (1829) also observed regeneration of spiders’ legs. 
Heineken noticed that after amputation of a limb the stump remained 
unchanged until the next moult, and then regeneration processes com- 
menced, extending through two or three moults. The same observer 
remarks that in fully grown spiders moulting and regeneration do not 
take place. 

Wagner (1887) observed that in the tarantula when a leg was 
removed at any place other than the coxa, the animal brought the 
wounded leg to its jaws and bit it off down to the coxa. 

In addition to the above, a number of writers have recorded the 
regeneration of the legs of spiders and the subject has been investigated 
experimentally by Schultz (1898) and Friedrich (1906). 

Schultz, working mainly with the Epeiridae, found that the leg was 
renewed if cut off at any level; in his experiments he generally removed 
the leg at the metatarsus, but also at the tibia, and usually at an 
articulation, 

Although these individuals, unlike the tarantula, never attempted 
to bite off any part of a wounded leg, yet when the leg was cut off 
at the coxa it regenerated better than when amputated at any other 
level. 

Schultz considers that this is an excellent example of the influence 
of natural selection, since regeneration takes place best at the point 
where the leg is most often broken off in nature. On the other hand, 
regeneration also takes place when the leg is cut off at any other point, 
thus showing that the power to regenerate is characteristic of all parts 
of the limbs and not merely a phenomenon of adaptation, for it is unlikely 
that a spider would ever lose a leg in the middle of an article, the 
joints being much the weaker. When the leg is cut off between two 
articles, the formation of the new part takes place somewhat differently 
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than when the leg is cut off at the coxa. In the latter case, a solid rod 
is produced from the cut end and this rod increases in length, bending 
on itself several times. Subsequently the rod becomes segmented and 
at the next moult is set free as a perfect leg. When the limb is 
removed nearer the distal extremity a small straight rod is formed, 
lying inside the last article, and the regenerated part is set free at the 
next moult. 

More recently Friedrich (1906) has given a detailed account of 
regeneration and autotomy in Tegenaria domestica, the common house 
spider. So far as we are aware the only other observations on regene- 
ration in Arachnida are those of Loeb (1895), who found that if the 
body of the pyenogonid Phoawichilidium mazillare is cut in two, there 
regenerates from the posterior end of the anterior half a new body-like 
outgrowth. 


Material and methods. 


In the following experiments the tick Argas persicus Oken has 
been employed throughout, mainly because of the ease and rapidity 
with which it can be reared in the laboratory. The ticks were generally 
maintained at 30°C., at which temperature the life-cycle is briefly as 
follows : 

The adult female, after fertilisation, lays a batch of about 60 eggs 
approximately 8-12 days after engorgement; these eggs, after an 
incubation period of about 10 days, hatch out to hexapod larvae. 

The latter, when placed upon a fowl, attach themselves and remain 
feeding for 4-6 days, during which period they increase very considerably 
in size. Finally the gorged larvae drop off the fowl and seek refuge in 
any crevice, and after about 7-12 days moult to eight-legged first stage 
nymphs. 

The first stage nymphs, when placed upon a fowl, gorge themselves 
with blood and drop off within half-an-hour, thus differing markedly 
from the larvae. About 12 days after engorgement they moult to 
second stage nymphs. The latter feed in exactly the same way as 
the first stage nymphs and after a period of about 14-18 days moult 
again, in the majority of cases giving rise to the adult stage. In certain 
cases, however, the tick may pass through more than two nymphal 
stages, but usually the life-cycle of the tick comprises only the stages: 
egg, larva, first and second stage nymphs, adult. The adult tick does 
not moult, but will feed at intervals of about a month and a fertilised 
female generally lays a batch of eggs after each feed. 
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In our experiments the ticks were kept in glass-topped pill-boxes 
containing filter paper and were maintained at any desired temperature 
in incubators. The amputation of the various parts of the legs, a matter 
of some difficulty in the smaller stages, was best effected by placing the 
tick, in its normal position, on a piece of card under a binocular dis- 
secting microscope; the limb, or part of the limb, was then removed by 
means of a fine needle ground to a knife-edge, the tick being kept 
stationary by means of a camel-hair brush. During this operation 
it is essential that no considerable pressure should be applied to the 
body of the tick, as in this case the loss of coelomic fluid is so great that 
the animal dies. 


Larva. 


Our experiments with the larvae may be divided into two groups. 
In the first instance we used ticks that had gorged themselves and 
dropped off the fowl, but later we adopted the plan of cutting off the 
legs whilst the larvae were still attached. The results of the first series 
of experiments were mainly negative, and this is noteworthy since, 
according to most theories of regeneration, the younger stages should 
possess greater regenerative power than the older. The results of the 
first group are as follows: 

Experiment 1. A number of larvae, placed on,a fowl on May 25th, 
dropped off gorged on the 29th and 30th, and were kept at a temperature 
of about 27°C. On June 3rd the second right legs of five of these 
larvae were amputated and the ticks kept at the same temperature. 
Two days later one of these larvae (a) moulied and possessed a 
normally-developed second right leg, with the exception that the tarsus 
was very imperfect. The other four ticks moulted respectively, two on 
the third and one on each of the fourth and sixth days after the 
operation; in none of these was there any trace of regeneration. Since 
in larva (a) only two days had elapsed between the amputation and the 
moult, it seems probable that the immature nymphal leg had already 
been formed within the skin of the larval leg and partly withdrawn ; 
therefore the needle had only passed through the tarsus, and this 
portion of the limb was not regenerated. 

Experiment 2. A number of larvae were placed on a fowl on 
November 3rd and dropped off gorged on the 7th. The same day 
(Nov. 7th) the second right legs of eleven of the gorged larvae were 
cut off, in every case the four or five distal articles being removed. 
These ticks were kept in an incubator supposedly at a temperature 
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of 27°C., but during the experiment the heating apparatus went wrong 


and for some weeks the temperature varied from 15°C. at night to as 
much as 35°C. during the daytime. This diurnal variation seems to 
have had a marked effect on the subsequent development, for although 
members of the same batch of ticks kept at a constant temperature of 
37°C. all became adult after two nymphal stages, in this experiment no 
less than eight out of the eleven passed through at least three nymphal 
stages, 

Six to ten days after amputation the larvae all moulted to first 
stage nymphs and in none of them was there any trace of regeneration 
of the lost appendage. All these ticks were reared through the next 
two stages, and the results were fairly uniform. In every case, when 
the animal moulted to the second stage nymph, the second right leg 
was regenerated. The regenerated appendage was perfectly formed but 
was slightly smaller than the corresponding appendage of the opposite 
side. After the next moult, the size of the regenerated limb was 
practically normal. 

Experiment 3. Eleven gorged larvae from the same batch as those 
used in the preceding experiment had their legs amputated on Nov. 7. 
In each case, as before, the second right leg was removed between the 
second and third articles. The ticks were kept at a constant temperature 
of 37°C. Four days later (Nov. 11) nine moulted, none of them showing 
any regeneration. The following day (Nov. 12) the remaining two 
moulted. In one of these there was no regeneration, but in the other the 
animal had regenerated a short rod-like appendage indistinctly divided 
into three articles. 

All these ticks were raised to the adult state and, apart from the 
above-mentioned exception, the legs regenerated at the next moult and 
were perfectly formed, but slightly smaller than those of the other side. 
The abnormal example however, which had already commenced to 
regenerate previous to the first moult, after the second, regenerated 
a limb pexfect both in size and form. 

After the final moult, the regenerated appendages of all the ticks 
were practically perfect. 

A series of controls kept under identically the same conditions showed 
that amputation had no marked effect on the duration of the stages. 

Experiment 4. In this series the legs of twenty-two gorged larvae 
were amputated the day they dropped off the fowl and kept at 37°C. 
Four to five days later they all moulted and in no case was there any 
trace of regeneration. These first stage nymphs were allowed to remain 
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without another feed in order to see whether the absence of a limb 
would stimulate the animals to proceed to another moult, but they all 
died without proceeding to another stage. 

Experiment 5. In all the preceding experiments only the second 
right leg had been removed and therefore we sought to determine if the 
removal of other limbs gave corresponding results. The larvae used in 
this series were all put on a fowl on April 5 and dropped off gorged five 
days later. After amputation some of these larvae were kept at 37° C. 
and others at 30°C. For the sake of convenience the results are 
presented in tabular form. 

(a) Larvae kept at 30°C. 


i. First right leg amputated 10. 1v. 13: 


16. 1v. 13 9 moulted No regeneration. 
17. 1v. 13 3 
ii. Second right leg amputated 10. 1v. 13: 
ov. 8 moulted No regeneration. 
18. 1v. 13 4 
iii. Third right leg amputated, 10. rv. 13: 
16. Iv. 13 5 moulted No regeneration. 
17. 1v. 18 6 
iv. Hind pair of legs amputated 10. rv. 13: 
16. Iv. 13 2 moulted No regeneration. 
17. tv. 18 6 
18. 1v. 13 3 “ In two examples, no regeneration; in the third, minia- 
ture legs one-third the normal size were present. 
v. Two hind pairs of legs amputated 10. rv. 13: : . 
16. Iv. 13 7 moulted No regeneration. 
17. rv. 18 5 
vi. All three pairs of legs amputated 10. rv. 13: 
17. rv. 13 3 moulted No regeneration. 
18. rv. 13 7 - No regeneration in eight individuals; in two cases a two- 


jointed knob developed in place of the front legs. 


With few exceptions the ticks in this series all moulted without 
showing any signs of regeneration, and it will be noticed that the period 
elapsing before moulting is only slightly lengthened in the case of those 
animals which had lost all their limbs. In all the above series the 
fourth pairs of nymphal legs appeared as usual and were normal both in 
size and form. 


(b) Larvae kept at 37° C. 
i. First right leg amputated 10. 1v. 13: 


14. 1v. 13 4 moulted 3, no regeneration ; 1, small two-jointed knob regenerated. 
15. aw. 13 1 ss Small three-jointed rod developed, with miniature claw. 


. 
di 
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ii. Second right leg amputated 10. rv. 13: 
14. 1v. 13 1 moulted No regeneration, 
15. 1v. 18 4 ms 2, no regeneration ; 2, small pointed knob present. 
16. 1v. 13 1 ee A two-jointed rod present. 
iii, Third right leg amputated 10. rv. 13: 
14, 1v. 13 6 moulted No regeneration. 
iv. Hind pair of legs amputated 10. rv. 13: 
14. 1v. 13 4 moulted No regeneration. 
15. 1v. 13 


v. Two hind pairs of legs amputated 10. 1v. 13: 

15. tv. 13 3 moulted 2, no regeneration ; 1, left side, no regeneration: right 
side, second appendage, three-jointed rod without claw; 
third appendage, four-jointed rod, with rudimentary 
claw. 

16. 1v. 13 2 moulted In both cases two pairs of half-size legs regenerated, the 
articulations somewhat indistinct. 


vi. All three pairs of legs amputated 10. 1v. 13: 


14, rv. 13 1 moulted No regeneration. 
4 dead 
15. 1v. 13 1 moulted No regeneration. 


In this latter series more of the ticks showed signs of regeneration 
than in the case of those kept at 30°C., but the results are not definite 
enough to permit of conclusions. 

In both series examples from each of the experiments were fed and 
allowed to moult to second stage nymphs. In every case the limbs then 
regenerated and varied from two-thirds to three-quarters the normal 
size, but were perfectly proportioned. 

In all the above experiments the almost total absence of any 
attempt at regeneration in the larval stage is very striking, but it might 
be explained as the result of the comparatively short time elapsing 
between the amputation and the moult. 

We therefore performed a second series of experiments in which we 
cut off the legs whilst the larvae were still feeding, and as will be seen 
we obtained quite different results. 

Experiment 6. A batch of larvae was put on the fowl on April 5. 
Three days later some of the legs of sixteen ticks were amputated 
whilst still on the fowl. Three of these ticks dropped off gorged two 
days later, whilst the remaining thirteen dropped off the following day. 
Owing to the difficulty of operation, it was impossible to remove any 
particular articles and therefore the extent of the amputation could only 
be determined later and varied considerably in different individuals. 
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The results are presented in tabular form. 


Date when Number 


ticksdropped _ of 


off fow ticks 
10. 1v. 13 1 
1 
> 1 
11. rv. 13 3 
7 
” 1 
2 


Extent of 
amputation 


Legs 2 and 3 of 
left side 
3 right legs 


All 6 legs, with 
exception of 3 
articles on left 
hind leg 


3 right legs 


3 right legs 


Legs 2 and 3 of 
right side 

Leg 3 of right 
side 


Date of 
moult to first 
stage nymph 


17. 1v. 13 


18. 


19. 


18. 


IV. 


IV. 


Iv. 


13 


13 


13 


Extent of regeneration 
No regeneration. 


First right leg, half-size and imper- 
fect; legs 2 and 3 absent. 

Right side, 3 perfect legs; left side, 
leg 1, four-jointed stump; legs 2 
and 3 absent. 


Perfectly formed limbs, but only 
three-quarters normal size. 

In five, limbs as above; in one, leg 1 
three-quarter size, leg 2 half-size, 
leg 3 a three-jointed stump, with a 
small terminal hook (Fig. 1, B); in 
the other, Jeg 1 half-size, legs 2 and 
3 absent. 

Legs 1, 2 and 3 all half to two-thirds 
normal size. (Fig. 1, A.) 


Leg absent—no regeneration. 


Fig. 1. Argas persicus, first stage nymph: (A) tick from Experiment 6, showing almost 
perfect regeneration of the first three right legs; (B) first three right legs of another 


individual from the same experiment, showing imperfect regeneration. 
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From these results it seems that a period of at least nine days 
must elapse between the amputation and moulting. Even with this 
period, however, some individuals showed no signs of regeneration, whilst 
others only developed very imperfect appendages. 

We should like to call attention to the case in which, although only 
the second and third legs of the right side were removed, yet in the 
nymph the first right leg was reduced in size as well as the regenerated 
appendages; all the left legs and also the fourth right leg were of 
normal size. 


First Stage Nymphs. 


Since all stages of A. persicus, excepting the larval stage, usually 
feed to repletion within half-an-hour, the time between feeding and 
amputation can be determined exactly, and it will be noticed that the 
results of this series of experiments are much more uniform than in the 
case of those with the larvae. 

Experiment 7. A batch of first stage nymphs was fed on De- 
cember 9. The following day the four or five distal articles of the 
second right leg were removed, the ticks being kept at a uniform 
temperature of 37°C. At the same time an equal number of the same 
batch of nymphs were kept as control in order to see whether the 
amputation delayed the subsequent moulting. 

Of the amputated ticks, one moulted on 16. xu. 12, four on 
17. xu. 12, and six on 18. xu. 12. In every case, all the articles of the 
appendage were regenerated and the leg was of normal proportions, but 
the size was only two-thirds to three-quarters that of the corresponding 
leg of the opposite side. Of the controls, seven moulted on 16. xu. 12, 
and four on 17, xu. 12. It seems therefore that amputation may 
slightly delay the subsequent moulting. 

Experiment 8. A batch of first stage nymphs was fed on April 2, 
and then divided into groups of six, in each of which different legs or 
different articles were amputated. In every case the ticks were kept 
at 30°C. The results are given in tabular form. 

(a) Claws of second right leg amputated 3. Iv. 13. 


14. rv. 13 2 moulted Regeneration perfect. 
15. rv. 13 2 
17. 1v. 13 1 
19. 1v. 13 1 


This experiment was undertaken especially to determine whether 
the regenerated claw showed any tendency to revert to the larval type, 
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which, in A. persicus, differs considerably from the nymphal claw, owing 
to the presence of a large pulvillus. In no case could we detect any 
sign of a larval pulvillus on the regenerated claws. 

(6) First distal article of second right leg amputated 3. Iv. 13. 


16. 1v. 13 1 moulted Distal article slightly shorter, but same thickness as 
remainder of leg. 

17. 1v. 13 1 re Ditto. 

18. 1v. 13 1 2 Ditto. 

20. 1v. 13 1 i Ditto. 

25. 1v. 13 1 a Two distal articles shorter than normal. 

29. 1v. 13 1 pi Regeneration almost complete. 


As might be expected, no marked differences could be detected 
between the amputated and the normal legs. In most cases the 
regenerated tarsus was slightly shorter, but approximately of the same 
thickness as the corresponding one of the opposite side, and the claws 
seemed to be normal (Fig. 2, B). In one case, however, the penultimate 
was also shortened. 

(c) Two distal articles of second right leg amputated 3. Iv. 13. 


16. 1v. 13 2 moulted Regenerated leg normally jointed, but four distal articles 
three-quarter size. 

19. 1v. 13 1 m Ditto. 

21. rv. 18 1 Ditto. 

25. 1v. 13 1 ” Ditto. 


The nature and extent of the regeneration were approximately the 
same in all these cases and will be understood on reference to Fig. 2 (C). 

It will be noticed that the reduction in size certainly includes 
articles 4 and 5 and possibly article 3, although only two articles 
(6 and 7) had been removed. 

(d) Three distal articles of second right leg amputated 3. Iv. 13. 


14. rv. 13 1 moulted Regenerated leg less than half-size and all six distal 
articles miniature. 
15. 1v. 13 2 
Nature of regeneration as above, but size varying from 
half hirds that of 11 
20. 1v. 13 1 . to two-thirds t of normal leg. 
27. 1v. 13 1 a As above, but leg quite three-quarters normal size. 


As in (c), reduction took place in articles other than those which had 
been removed, for although only three distal articles had been amputated, 
all the articles were distinctly miniature. As might be expected, the 
longer the interval between amputation and moulting, the greater was 
the extent of regeneration, 
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(e) Four distal articles of second right leg amputated 3. Iv. 13. 


16. 1v. 13 ‘1 moulted ) Regenerated leg about three-quarters normal size; nor- 
20. 1v. 13 7 mally jointed; articles down to coxa all reduced in 
24. 1v. 13 1 “ size. 
30. 13 1 Re 
1 leg only very slightly smaller than normal. 
| 4 
Cc 


D F 


Fig. 2. Argas persicus, second stage nymph from Experiment 8, showing regeneration 
after removal respectively of—(A) claw, (B) tarsus, and (C) two, (D) three, (H) four 
and (F) five distal articles of second right leg. In every case the corresponding 
appendage of the opposite side is shown. (D) represents an abnormal type of regene- 
ration. Magnifications: A, B, C, E, Fx22; Dx 33. 


On comparing the results of this experiment with those of the 
preceding (d), although an additional article was removed in (e), yet 
we find that the extent of regeneration in the latter case is distinctly 
greater (Fig. 2, £). 

(f) Five distal articles of second right leg amputated 3. Iv. 13. 


13. 1v. 13 1 moulted ) Regenerated leg less than half normal size; normally 
14, 1v. 13 2 -_ jointed; articles down to coxa all reduced, 

18. 1v. 13 1 om As above, but size of limb about three-quarters normal 
20. 13 1 size. 

28. 1v. 13 1 ed Ditto, but two-thirds normal size. 


. 
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The small extent of the regeneration in the first three ticks is note- 
worthy, but is explicable on the comparatively short time elapsing 
between amputation and moulting (Fig. 2, F). 

(g, 4, t, k) In this series, the first, second, third and fourth right 
legs respectively were amputated on 3. Iv. 13. 

The results were uniform ; in every case the regenerated appendage 
was normally jointed but only about three-quarters the size of the 
corresponding leg on the opposite side. The regenerative power 
possessed by each limb seems to be approximately the same. 

(/,m, n, 0) In this series, respectively the fourth pair, the third 
and fourth pairs, the three hind pairs and finally all the legs were 
amputated 3. Iv. 13. The results were uniform; even in those in- 
dividuals which had lost all their legs, normally jointed limbs were 
regenerated, but their size varied from two-thirds to three-quarters that 
of the normal limbs. 

Experiment 9. The results of Exp. 8, (c) to (f), show that no 
matter how many articles are removed, the regenerated limb is always 
normally proportioned but reduced in size; in other words, not only 
those articles which have been removed, but also the remaining articles, 
partake in the general reduction that ensues. This seemed of such 
importance that we performed a more extensive series of experiments 
with larger numbers of ticks. In one batch of nymphs, only the two 
distal articles were removed, whilst in the other the leg was cut off as 
near to the coxa as possible. Again we obtained results which 
thoroughly confirmed our previous observations. In every case the 
leg regenerated as a whole, not merely renewing the missing articles. 
Perhaps the regenerated legs were slightly smaller in the case of those 


“ticks which had had more articles removed, but the differences were 


very insignificant and generally the legs appeared to be of about the 
size. 

Experiment 10. As the period elapsing between feeding and moulting 
is so important in the larval stage, we tried to determine whether it 
was equally so in the case of the nymphs. With this object, on 2. Iv. 13, 
a number of first stage nymphs were allowed to engorge themselves 
and on 4. Iv. 13, and each successive day up to 11. Iv. 13, the second 
right legs of a certain number of individuals were removed. As in 
many cases the moulting was unaccountably delayed, it is necessary, 
for a clear understanding of the significance of each example, to give 
the number of days elapsing between feeding and amputation, and 
between amputation and moulting. 
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For the sake of convenience we shall refer to these periods as the 


pre- and post-amputation periods respectively. 


Date of Date of 
amputation moult 
4, 1v. 13 16. rv. 13 
17. 1v. 13 
22. 1v. 13 
oo 29. 1v. 13 
5. 1v. 13 16. 1v. 13 
17, 1v. 13 
19. 1v. 13 
6. 1v. 13 16. 1v. 13 
18, 1v. 13 
20. 1v. 13 
Pe 24, 1v. 13 
i 29. 1v. 13 
‘ie 30. 1v. 13 
7. 1v. 13 15. 1v. 13 
17. 1v. 13 
18. 1v. 13 
19. rv. 13 
25. tv. 13 
8. 1v. 13 15. tv. 13 
99 17. 1v. 13 
21. 1v. 13 
22. rv. 13 
23. 1v. 13 
9. 1v. 13 13, 1v. 13 
18. 1v. 13 
22. 1v. 13 
24. 1v. 13 
26. 1v. 13 
10. 1v. 13 13. 1v. 13 
és 14. 1v. 13 
23. 13 
26. 1v. 13 
11. rv. 13 13. 1v. 13 
ae 18, 1v. 13 
20. 1v. 13 
23. 1v. 13 


Number of am; 
individuals 


3 


Pre- Post- 
putation amputation 
period period 


12 


Nature of 
regeneration 


miniature. . 

” 

” 

% miniature, leg rather 
3-3 miniature. _[thin. 


Three-jointed stump, 
with knobbed end. 
2 miniature. 


None. 

34 miniature; normal 
number of articles. 

4-2 miniature. 

2 

None. 

4 miniature. 

3-3 ” 

None. 

None. 

? miniature. 

4 

None. 

None. 

miniature. 

2 


It will be seen that the minimum period in which any regeneration 
occurred was eight days, but in this particular case only a three-jointed 
stump appeared. The first tick with a regenerated limb having the 
normal number of articles required a post-amputation period of nine 


days. 
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Second Stage Nymphs. 

In all cases the ticks used in these experiments had been reared 
in the laboratory and their history was known exactly. This precaution 
was very necessary as it is impossible from their appearance alone to 
distinguish with certainty the various nymphal stages. 

Experiment 11. A batch of second stage nymphs? was fed on a fowl 
on 13. 1. 13. The following day (14. 1. 13) four to five articles were 
removed from the second right leg of each individual. Some of the 
ticks were kept at a temperature of 20-30° C., and others at 37° C. 

(a) Second stage nymphs kept at 20-30° C. 


19. 1. 13 1 moulted ¢ No regeneration. 
30. « 13 2 and 3rd © 
§. a. 18 2 ? and 3rd © 
6. u. 13 1 g 
8. a1. 13 1 ? 
9. u. 13 1 3 In every case, the regenerated appendage was 
10. u. 18 1 9 ~ about half the normal size, but with the 
12, 13 4 and3¢¢ usual number of articles. 
13. 13 1 
17. 2. 18 1 é 
1, m1. 13 1 J 

& (b) Second stage nymphs kept at 37°C. 

: 23. x 18 2 moulted ¢ and 8rd © 
18 5 1¢ +39 +3rdoO 


It will be noticed that in one case there was no regeneration, but 
as this animal moulted within five days after the amputation, it is 
probable that the formative substance of the adult limb had been 
removed. 


a A B 


Cc D 


Fig. 3. Argas persicus, third stage nymph from Experiment 12, showing regeneration 
after removal respectively of—(A) tarsus, and (B) two, (C) three and (D) five distal 
articles of second right leg. 4x33; B, C, Dx 13. 


1 The sign © denotes nymph throughout, 
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Experiment 12. Asin the case of the first stage nymph, we performed 


a series of experiments in order to determine whether the regenerative 
power varied in different appendages, and also after the removal of 
different articles. 


A batch of second stage nymphs was fed on May 5 and the gorged 


ticks amputated in various ways on the following day. 


(a) ‘Tarsus of second right leg amputated 6. v. 13. 


= ‘mas sad As a rule the three distal articles of the 

22, ai 13 are © regenerated limb distinctly shortened and 
whole leg slightly reduced. 

24, v. 13 1 


(b) Two distal articles of second right leg amputated 6. v. 13. 


21. v. 13 3 moulted ¢+¢+© _ |In all cases the regenerated leg was approxi- 
33. v. 13 2 oe $t+d - mately two-thirds normal size; all articles 
23. v. 13 1 ni 2 | reduced in size. 


(c) Three distal articles of second right leg amputated 6. v. 13. 


20. v. 13 1 moulted © 

22. v. 13 - ww fo) The regeneration was of the same type as 
23. v. 13 that in (b). 

24, v. 13 32? 


Fig. 4. Argas persicus; (A) third stage nymph from Experiment 12 (e), showing regenera- 


tion after removal of all the appendages ; (B) normal tick for comparison. ( x 13.) 
24—2 
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(d) Four distal articles of second right leg amputated 6. v. 13. 


23. v. 13 5 moulted 2¢ ¢ +32 ? 


| Regeneration as in (b). 
3 ) 


(e) All legs amputated 6. v. 13. 


27. v. 13 2 moulted 2¢ ¢ In every case the legs were regenerated with 
28. v. 13 a fo) the normal number of articles, but were 
29. v. 18 cw F about two-thirds to three-quarters normal 
31. v. 13 1 - © size. 


In addition to the above, a few experiments were undertaken in 
order to find out the minimum time in which second stage nymphs 
could regenerate their limbs. Owing to lack of material we have been 
unable to carry out these experiments as completely as we should have 
wished, but the results obtained were concordant with those obtained 
with the first stage nymphs. 


Summary of results. 


In all stages of Argas persicus, if the leg is amputated sufficiently 
long before moulting, regeneration takes place, but the regenerated 
appendage is practically always less than normal in size, although 
possessing the usual number of articles. In no case was there any 
evidence of atavistic regeneration. Moreover, when the legs of a larva 
were amputated it invariably regenerated nymphal legs. 

On comparing the periods elapsing between feeding and amputation, 
and amputation and moulting, respectively, it will be found that in each 
stage there is a minimum post-amputation period, beyond which no 
regeneration takes place. It is rather curious that this period is rela- 
tively longer in the case of the larvae than in the other stages. 

It should be noticed that amputation of one or two articles causes 
a feduction in all the remaining articles of the leg. The results were 
very striking in the experiments with the first stage nymphs, in which 
we amputated respectively one, two, three, four and five articles, yet in 
all these cases the regenerated limb was normally proportioned though 
reduced in size. 

We must except from these conclusions those cases in which the 
appendages were amputated about the end of the pre-amputation 
period. In these examples the regenerated appendages were frequently 
much reduced in size and also in the number of articles. 
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Discussion. 


It seems impossible to explain the above-described results on 
Miiller’s theory that when regeneration takes place the new portion 
takes on an atavistic form. This theory was based on his observation 
(Fritz Miiller, 1880) that when the chelae of the Brazilian shrimp, 
Atyowda potimirim, a long clawed form, were amputated, the regenerated 
limb reverted to the short clawed type of the related genus Caridina, 
the latter genus being phylogenetically older than Atyoida. 

Similarly Giard (1897) and Bordage (1897-1900) noted that when 
the tarsus of a pentamerous insect was removed, it regenerated a 
tetramerous appendage. They considered this as a reversion to the 
type of limb in the primitive Apterygota, in which group tetramery is 
found. Bordage, however, in his paper on the tetrameric regeneration 
of the tarsus of the Phasmidae, noticed that sometimes a five-jointed 
tarsus was regenerated. Similar results were also obtained by Brindley 
(1897) in the case of the Blattidae. These results might be explained 
on the supposition that the power of regeneration was imperfectly 
developed, and that the four-jointed tarsi were merely examples of 
incomplete regeneration. Barfurth, however, showed that when the 
four-toed anterior appendage of an Axolotl was amputated an atavistic 
five-toed appendage was regenerated. 

On the whole we think our results could be best explained by 
adopting Bonnet’s idea of specific substances flowing in definite 
directions. The hypothesis with some modifications has been applied 
by Sachs and also Goebel to explain regeneration in plants, and both 
Loeb and Driesch have also used the same idea to explain the regenera- 
tion of Tubularia. In this polyp there is present in the hydranth and 
stem a red pigment in the form of granules in the endodermal cells. 
This pigment is concentrated in that part of the stem adjoining the 
hydranth. If a piece of the stem is cut off, it closes its cut ends and 
in the central cavity a circulation of fluid begins. Globules containing 
the red pigment granules now appear in this fluid. In the course of 
twenty hours the new hydranth begins to appear near one end of the 
stem and in this region the granules are reconcentrated, disappearing 
from the circulation. 

Similarly, we suppose that formative substances are contained in 
the body of the tick. During the period of growth these substances 


are continually being distributed to their specific localities in the body. . 
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Thus, the formative substance for the second tarsal claw, during growth 
periods, is continually passing to that part of the animal, and in the 
case of the larva the rudiments of the nymphal claw are similarly 
being deposited. These formative substances might be supposed to be 
stimulative in their action, merely directing the construction of the 
nutritive substances into the specific parts of the organism. 

We may assume that the amount of nutriment supplied to each 
part of the body is constant. Accordingly, when two articles of a leg 
are removed, during the regeneration called forth by the continued 
deposition of formative substances, food material is used up which 
ordinarily would have been available for the other articles and only 
after the missing parts have been replaced can any further growth of 
the whole limb take place. This would explain the reduction in size 
of all the articles of the leg even when only one or two distal articles 
are removed. 

The deposition of formative substances seems to cease some time 
before the animal moults, and beyond this point no regeneration can 
take place, even though plenty of food material may be available. 
In the case of the larva, the deposition of stimulative material usually 
stops before the animal has finished feeding, and as a result no re- 
generation takes place even when the legs are amputated immediately 
after the tick has become fully gorged and plenty of food material is 
available. In the nymphs the deposition ceases at a point about midway 
between feeding and moulting. This period we have arbitrarily referred 
to as the pre-amputation period. The extraordinarily short pre-ampu- 
tation period in the larva suggests that Argas persicus is gradually 
suppressing its free, active larval stage and that most of the formative 
substance of the nymphal legs is deposited before the larva hatches 
from the egg. An almost complete suppression of the free larval stage 
occurs in two other members of the Argasidae, Ornithodorus savignyi and 
O. moubata. In the former the larva emerges from the egg and has 
some (although very slight) power of movement. In the latter species, 
however, the suppression is carried further; the majority, though not 
all, of these larvae emerge from the egg-shell, but all are without power 
of movement. Further, the larvae of both these species pass to the first 
nymphal stage without feeding. 
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RHIPICEPHALUS SANGUINEUS: VARIATION IN 
SIZE AND STRUCTURE DUE TO NUTRITION. 


By NORMAN CUNLIFFE, B.A. 
Student in Medical Entomology. 


(From the Quick Laboratory, University of Cambridge.) 
(With 4 Text-figures.) 


Pror. NUTTALL has suggested that I should continue his investi- 
gations (1913) on variation in size and structure due to nutrition, using 
other species of Rhipicephalus and species of other genera. 

The variation in size obtained with Rhipicephalus sanguineus, the 
species used in this experiment, was not as pronounced as that recorded 
in the experiment dealing with Rhipicephalus appendiculatus, owing 
probably to the great mortality in both fully gorged individuals and 
those which had been removed from the host whilst only partially 
gorged. The only larvae available had been kept three months, and 
the majority were in a weakened condition; as in other raising experi- 
ments the yields from larvae of a similar age have been poor. 

However, an examination of the material successfully raised clearly 
showed that the structural variation produced by malnutrition in 
Rhipicephalus appendiculatus is produced similarly in this species of 
Rhipicephalus, the results of the two experiments being practically 
identical. Hence it will ouly be necessary to give the experimental 
details and summaries of the measurements and points of structural 
ditference between the normal and ill-nourished individuals of the 
nymphal and adult stages. In order to make this series of experiments 
as uniform as possible, it has been considered advisable to present the 
results on the plan of Professor Nuttall’s paper. 
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Rhipicephalus sanguineus, unfed larva: dorsal and ventral aspects, 
and tarsus 3. No. 1932 (8). 


Unfed larvae, the progeny of a single female, were placed on a rabbit, 8. rv. 13. 


A 


B 


288 partly gorged larvae were picked off 
between the 3rd and 15th days; nymphs 
emerged on 19. 1v. 13, metamorphosis 
lasting 8 days”, and were placed on the 


rabbit on 24. v. 13. 


D 


26 nymphs, partly 
gorged, were picked 
off between the 4th 
& 10th days; adults 
emerged on 9. v1. 13, 
metamorphosis last- 
ing 12 days. 

Set I. 


= D. 
11 nymphs, fully 
gorged, dropped off 
between the 5th & 
15th days; adults 
emerged on 11.v1.13, 
metamorphosis last- 
ing 13 days. 


Set II. 


1 

527 fully gorged larvae dropped off the 
rabbit between the 2nd and 28th 
days; nymphs emerged on 18. 1v. 13, 
metamorphosis lasting 8 days, and were 
placed on the rabbit on 13. v1. 13. 


E. ; - 


F. 


13 nymphs, partly 
gorged, were picked 
off between the 5th 
& 12th days; adults 
emerged on 1, vi1.13, 
metamorphosis last- 
ing 13 days. 

Set III. 


Variation in Nymphs. Fig. 2. 


11 nymphs, fully 
gorged, dropped off 
between the 5th & 
8th days; adults 
emerged on 2. vir. 13, 
metamorphosis last- 
ing 14 days. 


Set IV. 


The measurements of the nymphal scuta were taken and are 
In each case the extreme examples were picked 
out and examined. 

The length of the scutum of the smallest nymph in Set A is only 


recorded below. 


83°/) of that of the smallest in Set B. The scutum of the largest 
nymph in Set A is approximately as long as that of the smallest nymph 
in Set B. At the same time, it should be noted that the normal 


1 The rabbit was kept in a cage in the laboratory of which the average temperature 
was about 16°C., and the ticks, during metamorphosis, in an incubator maintained at 
30° C. 

2 In each case, only the minimum period required for metamorphosis is mentioned. 


, \ 
@ /) 
‘ 
\ / 


374 Rhipicephalus sanguineus 


variability in Set B is considerable, the smallest nymph having a scutum 
only 85°/, as long as that of the largest nymph in the same set. 


Measurement in mm. of scuta of unfed nymphs which emerged : 


A, from partly gorged larvae. B, from fully gorged larvae. 
No. Length Breadth No Length Breadth 
1 0°35 0°42 1 0-42 0°46 
2 0°35 0-43 2 0°50 0°55 
3 0°35 0°45 3 0°50 0°56 
4 0°35 0°46 4 0°51 0°54 
5 0°36 0°38 5 0°54 0°56 
6 0°38 0-44 6 0°54 0°58 
7 0°40 0°45 7 0-54 0-60 
0°40 0°46 0°55 0°56 
0:40 0°47 y 0°55 0°58 
10 0°56 0°58 
Average 0°37 0°44 Average 0°52 0°56 


Fig. 2. Rhipicephalus sanguineus, nymphs: (1) normally developed unfed individual, 


dorsal and ventral aspects, spiracle and tarsus 4; (2) capitulum and scutum of 
nymph which emerged from a partially gorged larva. No. 1932 (8). N.C. del. 
Variation in size in adults. Figs. 3 and 4. 


Meusurement in mm. of scutum of 
Smallest 7 Largest ¢ Smallest ? Largest ? 


Set C. Picked in both larval and 1:20x0°70 2°0 x1°30 0°65x0°62 1:0 x1:10 
nymphal stages 
Set D. Picked in larval stage only ... 2°0 1°30 2°50x1°60 0°85x0°95 1°40x 1-40 
Set E. Picked in nymphal stage only 1°85x1-:00 2°30x1°30 0°80x0°80 1:15x1:15 
Set F. Normal ticks, i.e. ticks which 2°30x1°50 2°60x1°70 1°15 x 1°20 . 1°30x 1-35 
were allowed to gorge fully in both 
larval and nymphal stages 
Normal first cousins to the ticks of 1°90x1:00 2°60x«1°55 1°20x1°10 1°30x 1-30 
above series (smallest and largest 
individuals of a large progeny from 
one female). 


| 
° A A 
| D- 


N. CUNLIFFE 375 


Owing to the amount of material in Set F being very small, it was 
necessary to utilise the progeny of a sister to the female used in the 
experiment, in order to gain some idea of the normal variation in size. 

The largest and smallest males were selected from a large series of 
Rhipicephalus sanguineus received from Africa, and measured. The 
scuta of the extremes were found to have the following lengths : 
smallest male 1°6 mm., largest male 33mm. It will be noticed that 
the variation in size equals that between the smallest tick of Set C 
and the largest of Set F, experimental animals. 


Summary of structural details in which the ill-nourished individuals 
differ from the normal individuals. 


Nymphs'. (Fig. 2.) Posterior margin of scutum of dwarf nymph 
is rounded, and the scutum is proportionately shorter ; basis capituli is 
shorter. 

Males. The dwarfs are much less chitinised and of a dark straw 
colour. The scutum is smoother, less punctate and shows practically no 
traces of either lateral grooves or dorsal furrows. The palps have no 
dorsal concavity. The basis capituli is shorter and the posterior cornua 
are much reduced, the lateral salience being less pronounced. The anal 
plates are reduced in size, rounded posteriorly, the outer angle of the 
normal form being absent; they do not project beyond the general 
body surface. Fig. 3 (W) shows a type of anal plate intermediate 
between those of the male individuals figured. The accessory plates 
are absent in these dwarf specimens. The tarsi are unarmed and 
resemble those of the nymph. The extreme variability of the spiracle 
should be noticed. 

In Fig. 3 the extremes are represented by X (large male) and 
Z (small male), whilst Y represents the spiracle of an intermediate form 
from the same group (Set C) as the dwarf male. The spiracle of the 
latter tends to approach that of the nymph. 

Females. Posterior margin of scutum rounded (without angularity 
characteristic of the normal female); cervical grooves and lateral ridges 
greatly reduced. Tarsi unarmed, resembling those of the nymph. 

We have only considered the largest and smallest individuals. They 
are, however, the extreme examples of regularly graduated series, in 


! The difference in lateral salience of the nymphal basis capituli from that of either 
larva or adult is remarkable, even in the ill-nourished nymphs. 
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Fig. 3. Rhipicephalus sanguineus, males: (Ad) normally developed specimen, dorsal and 
ventral aspects, (X) its spiracle and (U) its fourth tarsus; (B) dwarf male, which was 
picked off the host before it became fully gorged, in both larval and nymphal stages, 
(Z) its spiracle and (V) its fourth tarsus; (W) and (Y), intermediate forms of anal 
plate and spiracle respectively. No. 1932 (8). N.C. del. 
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Fig. 4. Rhipicephalus sanguineus, females: normally developed specimen, dorsal and 
ventral aspects, spiracle and tarsus 4; small female, which was picked off the host in 
both larval and nymphal stages, before it became fully gorged, dorsal and ventral 
aspects, spiracle and tarsus 4. No. 1932 (8). N.C. del. 
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which can be traced the growth of the various structural characters 
mentioned above. 

As a similar and equally regular variability is exhibited by the 
African material, collected in the field, these results again confirm 
Professor Nuttall’s view that variation is due, to a considerable degree, 
to varying degrees of nutrition. 
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OBSERVATIONS ON ARGAS BRUMPTI, 
NEUMANN, 1907. 


By NORMAN CUNLIFFE, B.A., 
Student in Medical Entomology. 


(From the Quick Laboratory, University of Cambridge.) 
(With 1 Text-figure.) 


In November 1912, through the courtesy of Mr S. W. J. Scholefield, 
Prof. Nuttall received fourteen living nymphs of Argas brumpti from 
Kitui, British East Africa. As only the adults and later stage nymphs 
of this species are known, an attempt was made to raise the species in 
the laboratory. 

They were fed on a fowl and usually became engorged within an 
hour; during metamorphosis they were kept in an incubator maintained 
at 30°C. 

From these nymphs one female emerged on 22. 1. 1913 and four 
males soon after that date. The female was fed on the twelfth and 
seventeenth days after emergence, but although afterwards placed on 
a fowl at intervals of twenty days, it refused to feed again until the 
143rd day after emergence and it has refused to feed since that date. 
It was fertilised on the 13th, 70th, 142nd, 158th and 168th days, 
the males being allowed access to the female twelve days after its 
emergence. 

Eggs were oviposited by the female as follows: 53 eggs between 
99-106 days, 66 eggs between 118-125 days, 21 eggs between 152-156 
days and 18 eggs between 161—166 days after emergence, making a 
total of 158 eggs to the present date (4. x1. 13). 

The number of eggs in each batch and the intervals between the 
periods of oviposition varied considerably. 
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The eggs were kept under varying conditions of temperature and 
moisture; some were maintained at 23—25° C., others at 30° C. and a few 
at 37° C., in each case under both dry and moist conditions. Larvae 


Fig. 1. Argas brumpti, larva; dorsal and ventral aspects. No. 1917. N.C. del. 
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were obtained from only two batches of eggs, namely those oviposited 
at the periods beginning at the 118th and 161st days respectively ; in 
both cases, the eggs were kept at 30°C. and moistened daily. Nine 
larvae hatched out from the first batch of eggs after 24-27 days and two 
larvae from the second batch after 26 days. 

It was found impossible, owing probably to the small number 
available, to raise these larvae through the nymphal stages. Some 
larvae, although repeatedly placed on a fowl, in some cases for a period 
of two or three days, nevertheless did not become attached. From 
these results, it seems doubtful whether the fowl is a suitable host for 
this tick. In the case of Argas persicus the nymphal and adult stages 
can be reared on several species of birds and also on mammals, but the 
larvae do not seem to feed on any animal other than the fowl’. 

Egg: pale straw colour, semitranslucent, round or almost round, 
and ranging in size from 1-0 x 0°8 to 0°7 x 0°6 mm. 

Larva (Fig. 1): average size (minus capitulum) 0°8 x 0°65 mm., 
hexapod, body oval. Capitulum exceptionally long, about two-thirds 
the body-length. Hypostome: dentition 2/2, with about 22 teeth per 
file. Palps: external border of article I distinctly concave ; article 
III curves ventrally round the hypostome. Dorsum: an elongated oval 
reticulated plate covers the middle of the dorsum. There are prominent 
pennate body hairs situated marginally. 

Legs: anterior pair long and stout, normally carried in the forward 
position indicated in the figure (dorsal aspect). Coxae I and II 
contiguous, unlike those of nymph and adult. Pulvillus small (unlike 
that of larva of Argas persicus; the larva climbs glass with difficulty). 


1 Very little is known regarding the biology of Argas brumpti. Nuttall and Warburton 
(1908) write regarding the habitat of this species: ‘‘Dr Brumpt (9. v. 1908) informs 
us that he found A. brumpti in dusty sheltered hollowed out places beneath overhanging 
calcareous rocks, into which opened porcupine (Hystrix sp.) burrows. The ledges of rock 
were situated along the rocky bed of a torrent, and the floors of the hollows, which 
were about 5 ft. deep, consisted of fine dust about 15 cm. in depth, numerous bones 
of small mammalia lying upon it. After A. brumpti had fed, it promptly buried itself in 
the dust. The ticks wander about at night and Dr Brumpt was unable to catch any 
during the daytime.” 

In Feb. 1913, Prof. Nuttall received further information concerning the habitat of this 
tick from Mr 8S. W. J. Scholefield, who states that he found them in the dust of an antheap 
when looking for big game, in the Yatta Plains, British East Africa. The natives say it 
only feeds on large animals: elephant, buffalo, eland and giraffe; and that when it bites 
man it causes great pain and sickness. The natives call both 4. brumpti and O. savignyi 
‘“ Kitunu.” ‘*4. brumpti is said to be always obtainable in the dust where big game roll,” 
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THE ANATOMY OF ARGAS PERSICUS 
(OKEN 1818). 


PART IIT’. 


By L. E. ROBINSON, A.R.C.Sc. Lonp., 
AND J. DAVIDSON, M.Sc. LIVERPOOL. 


(From the Cooper Laboratory for Economic Research, Watford.) 


(With Plates XXV to XXVIII and 8 Text-figures.) 


THE MUSCULAR SYSTEM. 


Plate XXV (see also Part II, Plates XV and XVI). 


THE muscular system is so highly developed in the Ixodoidea, that 
it is no matter of surprise that it has been the subject of more or less 
detailed treatment in most of the publications dealing with tick 
anatomy ; but, with a single exception, the existing descriptions do not 
extend beyond a general classification of the various muscles, with the 
addition of brief remarks, in some instances, on the histological structure 
of the muscle fibres. In the majority of cases, also, the observations 
only apply to the Ixodid ticks, and although the general arrangement 
of the musculature in the two families of the [xodoidea is not funda- 
mentally different, the comparative anatomy of the muscles offers some 
difficulty, owing to the great morphological differences which the two 
families present. 

So long ago as 1858, Heller, in his extensive work on the anatomy 
of Argas persicus, observed that the dorso-ventral body muscles present 
certain differences to the muscles of the appendages, and that the muscles 


1 Parts I and II appeared in Nos. 1 and 2 of this volume; pp. 20-48 and pp. 217-256, 
respectively. 
® Heller, C, (1858), p. 303. 
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of this tick conform to the general rule which obtains in the Arthro- 
poda, namely, that they are all, including the visceral muscles, of the 
transversely striated type. Later observers have usually confined their 
attention to the musculature of the mouth-parts and pharynx, the 
remainder of the muscular system receiving only casual treatment. 
A short historical resumé of the subject is to be found in Bonnet’s work 
on the comparative anatomy and development of the Iwodoidea’. 

The exception referred to above, is the work of Nordenskiéld on the 
histology of the body-muscles of Zxodes ricinus*. He calls attention to 
the existence of a most remarkable feature in the structure of the dorso- 
ventral body-muscles, which provides for the relatively great increase in 
length of these muscle columns necessarily accompanying the process of 
engorgement. In Argas persicus, as might be expected from its different 
mode of life, this exceptional structure of the body muscles, as seen in 
Ixodes, is entirely absent, or only exists in a modified form and to a 
limited extent, during those phases of the tick’s existence in which 
histiogenetic changes are following the dissolution of the tissues which 
precedes each moult. 

So far as we have been able to see, the only marked difference 
between the body-muscles and the muscles of the appendages in Argas 
persicus is that to which Heller calls attention, viz. that the former are 
muscle columns which maintain a practically constant diameter from 
one extremity to the other, and are inserted into the chitinous integu- 
ment without the intermedium of a tendon. As will be shown later, 
the latter difference is unimportant, inasmuch as a careful examination 
of the insertions of these muscles shows that Heller's view was not 
strictly correct. 

The following description of the histological structure of the muscles 
of Argas persicus applies equally to both the dorso-ventral body-muscles 
and to the muscles of the appendages. 

Each muscle is composed of a number of parallel fibres, the cross 
section of which presents a more or less polygonal figure, due to mutual 
pressure. The fibres are interpenetrated by a delicate connective tissue 
framework which, on the external surface of the muscle, forms an in- 
vesting sheath, but is of so flimsy a nature that it does not suffice to 
hold the muscle fibres together when the surrounding parts are disturbed, 
with the result that in dissections, the fibres are apt to become widely 
separated at the torn extremities of the muscles. In sections, also, the 
component fibres of a muscle are often more or less separated on account 

1 Bonnet, A. (1907), pp. 96, 97. 2 Nordenskiédld, E. (1908), p. 670. 
25—2 
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of the shrinking of the muscular tissue. Each muscle fibre is closely 
invested by an exceedingly thin structureless sarcolemma, immediately 
beneath which elongated nuclei are distributed at more or less wide 
intervals in the superficial sarcoplasma. In the ordinary preparations 
the interior of the muscle fibre generally appears to consist of very fine 
longitudinally arranged parallel fibrils. In transverse section, the whole 
interior of the muscle fibre with the exception of a very thin superficial 
zone is filled with the contractile substance, this being surrounded by a 
matrix of sarcoplasm which fills in the space between the sarcolemma 
and the contractile portion, constituting the thin superficial zone referred 
to above (see Text-fig. 1). 


mn, 
Fig. 1. Argas persicus ¢. Transverse section of a muscle fibre (from the retractor 
muscle of the chelicera). Gilson’s fluid; Heidenhain’s iron alum haematoxylin and 
orange G. 
nc. nucleus; s.c, contractile substance (sarcostyles); scl. sh. sarcolemma sheath; 
scpl. sarcoplasm. 


Material fixed in Gilson’s modification of Carnoy’s fluid! and stained 
with Heidenhain’s iron alum haematoxylin and orange G. shows the 
finer structure of the muscle fibres iu a most admirable manner. The 
contractile elements of the fibre retain the basic dye much more per- 
sistently than the sarcoplasm, and by careful differentiation with the iron 
alum solution, the detailed structure is perfectly displayed. In suitably 
prepared sections, therefore, the contractile substance, being more 
deeply stained than the sarcoplasm, is readily distinguished. It is then 
seen to consist of small elements which, in cross section, appear as more 
or less coherent granules aggregated in clumps, which radiate from the 
central portion of the muscle fibre. Between these radial masses of 
the contractile substance, the sarcoplasmatic matrix penetrates. These 


' See Lee, A. Bolles, The Microtomist’s Vade-Mecum, 5th ed., J. and A. Churchill, 
London, p. 64. 
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deeply staining elements of the contractile substance are the sarcostyles. 
The whole arrangement somewhat resembles the structure of the 
thoracic muscle fibres of some insects. The nuclei of the muscle fibre, 
as already mentioned, are situated in the superficial sarcoplasm imme- 
diately beneath the sarcolemma, They are generally much elongated in 
the longitudinal direction of the fibre, are relatively poor in chromatin 
and each contains a single nucleolus. So far as we have observed, 
the sarcoplasm of normal muscles shows no cellular division such as 
Nordenskiéld has described in Ixodes ricinus, nor does the sarcoplasm 
attain any degree of thickness on the surface of the contractile sub- 
stance. In certain phases of development, however, we have seen 
appearances which resemble to a certain degree those observed by 
Nordenskiéld in the normal body-muscle fibres of Jxodes', but these 
appearances were, without doubt, due to histiogenetic phenomena, 
They were confined to the regenerating muscular tissue which is always 
in evidence in the phase accompanying a moulting period. 

This difference between Argas and Ixodes is explained by the fact 
that after engorgement, the body-muscles of the former do not undergo 
any material increase in length, while in the latter, the distention of 
the body is relatively so enormous, that unless special provision were 
made for the elongation of the dorso-ventral body-muscles, these would 
rupture under the strain. The slow rate of engorgement of the Ixodid 
ticks allows ample time for the elongation of the muscle fibres either 
by actual growth, or, as Nordenskidld suggests, by extension of the 
sarcoplasm cells’. 

Almost at the points of attachment of the dorso-ventral body-muscles, 
at either extremity, to the chitinous cuticle, the contractile substance 
terminates, and the sarcolemma sheath runs out into a number of slender 
tapering tendinous fibrils which penetrate between the hypodermal cells 
and enter the substance of the chitinous cuticle, into which they pass 
for some distance and ultimately disappear. In the case of the muscles 
of the appendages, the basal attachments to the body cuticle appear to 
be identical with those of the dorso-ventral body-muscles, but at the 
other extremity, each muscle is continued for a longer or shorter 
distance as a single tendon. 

The integumental discs, as mentioned in Part I of this work (pp. 29- 
30), mark externally the sites of attachment of the muscles, both the 
dorso-ventral body-muscles and, as will be seen later, certain of the 
muscles of the appendages, which originate from the general integument 

1 Nordenskiéld, E. (1908), p. 669. 2 Nordenskidld, E. (1908), p. 670. 
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of the body. In the [xodid ticks their place is taken by the well-known 
integumental grooves. The arrangement of the discs is defined abso- 
lutely by the muscular system, just as Dénitz has shown’ to be the case 


Fig. 2. Argas persicus ¢. Diagram showing the distribution and muscle relationship 
of the discs, on the dorsal surface of the body. The associations of the discs with 
their corresponding muscles are indicated by the various shadings—marginal, postero- 
median and postero-accessory dorso-ventral body-muscles—black; abductors of the 
coxae—horizontal line shading; adductors of the coxae—vertical line shading ; 
dorso-genital muscles—inclined line shading; depressor and levator muscles of the 
capitulum—stippled shading; retractor muscles of the chelicerae—white. 

Fig. 3. Argas persicus ¢. Diagram showing distribution of the discs on the ventral 
surface of the body. 


1 Donitz, W. (1909), pp. 440-442. 
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with the integumental grooves of the Ixodid ticks and also, to a certain 
extent, the markings on the scutum of ornate species. 

The most cursory examination of the arrangement of the discs on 
the dorsum of Argas persicus enables the observer to recognise the 
relationship between certain rows of discs and the corresponding grooves 
of the Ixodid ticks (see Text-fig. 2). A postero-median row of discs 
represents the postero-median groove and a pair of adjacent shorter 
rows occupy the position of the accessory grooves. In order to clearly 
recognise the homologies of the remaining discs with the integumental 
grooves of the Ixodidae, some knowledge of their relations with the 
underlying muscles is necessary and it will be more convenient, there- 
fore, to consider the distribution of the discs at the same time as their 
corresponding muscles are under review. 

For convenience in description, the musculature may be classified 
as follows : 

(a) The Body-Muscles. 

(b) The Muscles of the Appendages. 

(c) The Muscles of the Alimentary Canal. 
(d) The Muscles of the Genitalia. 


(a) The Body-Muscles. 


With certain exceptions to be mentioned later, the body-muscles are 
columnar strands, which pass directly in a vertical direction, or in some 
cases with a slight degree of inclination, through the body-cavity, their 
upper and lower extremities being inserted into the dorsal and the 
ventral integument respectively. In their course through the body- 
cavity, they pass through the notches formed by the alimentary coeca 
and their terminal sacculations. They are disposed in a regular manner, 
many of them forming more or less regular rows of variable length and 
as their upper extremities, and in most cases the lower extremities also, 
are attached to the internal surfaces of the integumental discs, the 
arrangement of the latter is determined absolutely by the body 
musculature. By their contractions, the dorso-ventral body-muscles 
approximate the body walls, thus bringing pressure to bear on the 
contents of the body-cavity. In this manner, they serve many purposes, 
among which may be mentioned the following :— 

They facilitate the circulation of the coelomic fluid; they assist in 
forcing the ingested blood into the marginal terminations of the alimen- 
tary coeca; they serve to expel waste air from the tracheal system 
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the act of defaecation, the extrusion of ova in the female and sperma- 
tophores in the male, and of the glandular secretions—all these 
functions call in the aid of the body-muscles. 

For the most part, the dorso-ventral body-muscles occupy the 
marginal regions of the body, where their presence is indicated externally 
by the marginal discs present on both the upper and lower surfaces of 
the body. The general direction of the rows radiates from the central 
point of the body as is clearly shown in the figures (see Text-figs. 2 
and 3). 

The marginal dorso-ventral muscles (m.mg.) extend round the whole 
circumference of the body, their arrangement being more or less irregular 
in the anterior and lateral regions, but forming fairly regular rows in 
the posterior region. From their relations, it is evident that they 
correspond to the muscles which form the marginal grooves and the 
festoons of the Ixodid ticks. In their course through the body- 
cavity they pass between the terminal sacculations of the alimentary 
coeca, 

The postero-median dorso-ventral muscles (m.p.m.) form a longi- 
tudinal series, which extends from the anus to the mid-point of the 
posterior margin of the body. They form a median partition in the 
posterior half of the body, which separates the postero-lateral alimentary 
coeca and the diverticula of the rectal sac. The postero-accessory 
muscles (m. p. da.) commence at a point on either side of, and posterior to, 
the anus, from which they run backwards and terminate some little 
distance from the body margin. At the anterior end of the series, the 
muscle columns are generally aggregated into a cluster, a condition 
which is further developed in the genus Ornithodorus. These muscles 
correspond to the similarly situated muscles of the Zwodidae which form 
the postero-median and the postero-accessory grooves. 

The camerostomal muscles (m. cam.) take their origin in the dorsal 
integument, anterior to, and on either side of, the part which overlies the 
capitulum ; their function, in all probability, is to facilitate the exposure 
of the capitulum during the operation of feeding, by retracting the 
camerostomal folds into which their lower extremities are inserted. 

The spiracular muscles (omitted in Plate XXV) each consist of a 
single thin slip, the upper end of which is attached to the dorsal integu- 
ment, the lower extremity being attached by a short tendinous insertion 
into the wall of the atrial chamber. 

The dorso-genital muscles (m.gen’.) originate on the dorsal integument 
and are inserted at their lower extremities into the ventral body wall, 
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but on account of their close relationship with the genital canal, their 
description is deferred to the section dealing with the genital muscles. 

The remaining body-muscles differ from the foregoing in the fact 
that they are not connected in any way with the dorsal integument. 
They form two series—the subcowal muscles and the intercoxal muscles. 

The superior subcoxal muscles (m. sub. cx. s.) form a broad band of 
parallel bundles which run transversely across the floor of the body- 
cavity on either side of the median line, immediately posterior to the 
last pair of coxae and the spiracles. The inner extremities of the 
muscle bundles are attached to the ridge in the ventral integument 
formed by the coxal fold, and their outer extremities are inserted along 
the posterior portion of the supracoxal fold. 

The inferior subcoxal muscles (m. sub. cx. 1) are composed of bundles 
of much shorter length than the preceding, which bridge across the 
depression of the ventral body wall formed by the coxal folds. The 
series commences at the level of the third pair of coxae and extends 
backwards for some distance beneath the superior subcoxal muscles. 

The intercowal muscles form two groups—the lateral and the mesial. 
The lateral intercoxal muscles (m. l. int.cv. 1 and 2), two in number on 
either side, connect the supracoxai fold with the first and second coxal 
interspaces respectively. The mesial intercowal (m. m. int. cx. 1-2) muscles 
are attached at their inner extremities to a centrally situated chitinous 
plate—the endosternite—from the lateral margins of which, five slips of 
muscle diverge. Of these, the first passes to the interspace between 
the basis capituli and the first pair of coxae, the second, third and fourth 
are inserted into the three coxal interspaces respectively, and the fifth 
finds its distal attachnient on the posterior margin of coxa 4. 


(b) The Muscles of the Appendages. 


These include the muscles of the capitulum and those of the legs. 

Two pairs of muscles are attached to the basis capituli. The 
depressor muscles of the capitulum (m.d.c.) consist of two stout bundles 
which originate from a pair of conspicuous integumental discs of large 
size and elliptical contour situated at the level of the anterior fourth of 
the dorsal surface of the body (see Text-fig. 2). From their points of 
origin, each muscle passes downwards and forwards and is inserted into 
the lateral portion of the postero-ventral margin of the basis capituli, 
The second pair, the levator muscles (m. l.c.) of the capitulum, are some- 
what smaller than the preceding; they originate from one of a series of 


2 


390 Argas persicus 


discs which runs forwards on the dorsal surface towards the anterior 
margin of the body, from a point slightly anterior and external to the 
pair of large discs from which the depressor muscles originate. It may 
be remarked in passing that this series of discs is the representative of 
the cervical grooves of the Ixodid ticks. The lower terminations of the 
levator muscles of the capitulum are inserted into the upper part of the 
postero-lateral angles of the basis capituli. The action of these two 
pairs of capitular muscles is sufficiently explained by their respective 
names. 

The muscles of the chelicerae are three in number, a retractor muscle, 
and the flewor and extensor muscles of the digit. The retractor muscles 
(m. 7. ch.) each consist of a stout bundle of fibres which takes its origin 
from a large aggregation of small discs occupying the middle of the 
dorsum, immediately posterior to the discs of the depressor capituli 
muscles. The retractor muscles are inserted into the posterior ex- 
tremities of the shafts of the chelicerae, along the line where the latter 
are reflected forwards to form the thin membranous inner cheliceral 
sheaths. The flewor and the extensor muscles of the digit are contained 
wholly within the expanded basal portion of the cheliceral shafts (see 
Part I, pp. 37-38). The extensor muscle of the digit is a bipinnate 
muscle, the strands of which are attached, serially, to the inner surface 
of the wall of the expanded basal portion of the cheliceral shaft; the 
latter run forwards and unite to form a central tendon which becomes 
free of the muscle before passing through the narrow cylindrical portion 
of the cheliceral shaft, and is finally inserted into the lateral extremity 
of the expanded base of the digit. The extensor muscle of the digit, 
though smaller than the flexor muscle, resembles it in structure. Its 
tendon is attached to the mesial side of the base of the digit. 

The muscles of the palp consist of a pair, a flecor and an extensor, 
related to each article. The muscles of the basal article take their origin 
from the lateral wall of the basis capituli (see Text-fig. 4). The 
adductor (or extensor) muscle runs forwards and inwards, and is in- 
serted into the inner part of the proximal margin of the first or basal 
article. The abductor (or flexor) muscle, which takes its origin from a 
position on the lateral wall of the basis capituli slightly anterior to 
the adductor muscle, runs almost directly forwards, and is attached 
to the lateral part of the proximal margin of the basal article. The 
contraction of the abductor muscle deflects the entire palp in a lateral 
direction, while the adductor muscle by its action in the opposite 
direction restores the palp to its normal position. The remaining 
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muscles of the palps are arranged in pairs, each composed of a flexor 
and an eatensor, one of which is related to each article of the appendage. 
These muscles are attached at their bases to the wall of the article 
immediately proximal to that in which they find their insertion, the 
terminal article thus receiving only the insertion of the muscles which 
are contained within the third article. 

Like the palps, the musculature of the legs consists of a pair of 
muscles, of opposing action, related to each article. The only muscles 
originating from the dorsal integument are those, the lower extremities 
of which are inserted into the coxae. Of these, the adductors of the 
coxae (m. add. cv. 1-4) form an inner series of four stout muscles, one of 
which is attached to the mesial surface of the proximal margin of the 
article. The abductors of the coxaz (m.abd.ca. 1-4) form an outer 
series, and are inserted in a corresponding position on the lateral part of 
the coxae. These coxal muscles, four pairs on each side of the body, 
take their origin from a series of moderately large discs which occupy 
the lateral fields of the anterior half of the body, lying between the 
closely crowded small marginal discs and the large discs which it has 
already been shown are associated with the capitular muscles, The 
integumental discs from which the coxal muscles originate, correspond 
to the three pairs of short grooves which are generally present on the 
antero-lateral parts of the dorsal surface of the body of female Ixodidae, 
while in the males of ornate species, the place of these grooves is taken 
by the lateral spots. For fuller information on this point the reader is 
referred to the work of Dénitz'. The coxae contain within themselves 
a pair of muscles, the flewors and extensors of the succeeding article of 
the leg—the trochanter (m. f. tch. 1-4 and m. e.tch. 1-4)—and similarly, 
each successive article of the leg contains the flexor and extensor muscle 
which operates on the next succeeding article ; the last pair of muscles, 
situated in the tarsal article, terminates in a pair of long tendons which 
pass through the caruncle to find their insertions in the pulvillium. 


(c) The Muscles of the Alimentary Canal. 


Under this category are included—(a) the pharyngeal muscles, 
(b) the muscles of the oesophagus and the wall of the stomach with its 
coecal appendages, and (c) the anal muscles—all of which have been 
more or less completely dealt with in Part II of this paper in connection 
with the general anatomy of the alimentary canal (pp. 222-241). 


Dénitz, W. (1909). 
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As has been shown, the pharyngeal muscles form two series—the 
dilator muscles (m.d.ph.; see also Part II, Text-figs. 2 and 3) and the 
constrictor muscles. The dilator muscles of the pharynx consist of six 
longitudinal series of stout bands which radiate from their points of 
insertion on the external surface of the pharyngeal wall to their basal 
attachments ; wz. the ventral surface of the subcheliceral plate in the 
case of the dorsal series, and the lateral walls of the basis capituli in the 
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Fig. 4. Argas persicus ¢. Horizontal section through the basis capituli, showing the 
origins and insertions of the lateral dilator muscles of the pharynx, and the muscles 
of the basal article of the palp. The smaller figure is taken from a section which 
passes through the antero-dorsal portion of the pharyngeal wall, and shows some of 
the dorsal dilator and constrictor muscles of the pharynx. 

b.c. basis capituli; br. brain; buc.cav. buccal cavity; cam. f. camerostomal fold ; 
m.abd.p. abductor muscle of palp; m.add.p. adductor muscle of palp; m.c. ph. 
constrictor muscles of pharynx; m. d. ph. dilator muscles of pharynx; m. I. c. levator 
muscles of capitulum; oes. oesophagus; ph. pharynx; sh. ch. sheath of chelicera; 
sub.ch. p. sub-cheliceral plate. 
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case of the lateral series (see Text-fig. 4). The constrictor muscles of the 
pharynx, which are disposed alternately with the individual elements 
of the series of dilator muscles, form a succession of slender bands 
connecting the angles formed by the six longitudinal folds of the 
pharyngeal wall, each complete member of the series thus presenting, 
in transverse sections through the pharynx, the appearance of a 
triangular figure with truncated angles. 

The muscles of the oesophagus and stomach are represented by the 
layer of muscle fibres which enters into the formation of the walls of 
these organs, and sufficient reference has been made to their structure 
and arrangement in the general description of these organs. 

The anal muscles, as previously shown (Part II, p. 241), are short 
strands which connect the upper extremity of the anal canal with the 
lateral margins of the anal valves. 


(d) The Muscles of the Genitalia. 


The muscles of the genitalia are divided into two groups—(a) those 
which connect some part of the genital tract with the body wall or 
endosternite, and (b) the muscles which form the muscular layers in the 
walls of the genital canals. 

The extrinsic muscles are the superior and the inferior genital 
muscles (see Part II, Plate XVI, figs. 3 and 4, m.gen.) which are 
attached to the terminal section of the genital canal but show a slight 
difference in their relations in the two sexes. 

In the male, the superior genital muscles take their origin from the 
ventral surface of the endosternite as a cluster of slender strands which 
pass almost vertically downwards and are inserted into the proximal 
part of the dorsal wall of the ductus ejaculatorius. In the female, they 
originate in a similar manner, and find their insertion in a corresponding 
situation on the dorsal wall of the terminal section of the vagina. 

The inferior genital muscles arise from the ventral body wall in 
the post-genital area, and pass obliquely forwards to be inserted into 
the ventral wall of the ductus ejaculatorius in the male, and into the 
posterior lip of the genital orifice in the female. Further reference is 
made to these muscles in the description of the genital organs. 

In a preceding section of this paper dealing with the body-muscles, 
brief reference was made to a pair of muscles which are closely connected 
with the genital organs. These are the dorso-genital muscles (m. gen’.) 
which take their origin from a pair of discs situated on the middle of 
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the dorsal surface of the body, some distance posterior to the origins of 
the retractor muscles of the chelicerae. From the dorsal integument, 
they run downwards and forwards as a pair of stout muscular columns 
which, after passing beneath the posterior margin of the last pair of 
mesial intercoxal muscles, are inserted along the grooves which define 
the lateral margins of the post-genital area. From their relations with 
the terminal portion of the genital canal, it would appear that their 
function is principally concerned in the operation of oviposition in the 
female and the extrusion of the spermatophores in the male. 

The muscles of the walls of the genital tract reach a high state of 
development in the female, but their detailed description will be more 
conveniently dealt with in connection with the genitalia. 


THE NERVOUS SYSTEM. 
See Part II, Plates XIV-XVI. 


The nervous system of Argas persicus conforms essentially to the 
Acarine type, in the fact that the entire central portion is fused into a 
single large ganglionic mass which surrounds the oesophagus, and from 
which the whole system of peripheral nerves takes its origin. 

As far as it was possible to study the structure of such small 
structures by fine dissection alone, the nervous system of this species 
was worked out by Heller’, and, though his description is somewhat brief, 
present knowledge has but little to add in amplification or modification 
of his observations. Pagenstecher described the nervous system in two 
species of ticks—Jwodes ricinus in the one case*, and Argas reflexus in 
the other*,—but, beyond the fact that he established the number and 
arrangement of the nerve roots which arise from the central nerve mass 
with more accuracy and precision than Heller, his investigations do little 
more than confirm previous knowledge. 

Concerning the finer anatomy of the central nervous system in ticks, 
the earliest work with which we are acquainted is that of Wagner‘, who, 
in his researches on the embryology of Jaodes calcaratus Bir., made 
some interesting observations which will be referred to later. For the 
most recent and detailed account of the histological structure we are 
indebted to Nordenskidld, who, in his investigations on the anatomy and 
histology of Ixodes ricinus, describes three distinct types of nerve cells 


1 Heller, O. (1858), p. 311. * Pagenstecher, H. A. (1861). 
3 Pagenstecher, H. A. (1861 c). + Wagner, J. (1894). 
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which he found to be distributed in the ganglionic layer of the central 
nerve mass'. A short but useful general account of the nervous system 
is to be found in Bonnet’s work on the comparative anatomy and 
development of ticks’. 


The Central Nervous System. 


The central nerve mass or “brain” of Argas persicus is situated in 
the anterior part of the body, immediately below the anterior margin of 
the stomach, i.e. the place where the latter organ bifurcates to form the 
antero-lateral coecal lobes. Its ventral surface rests upon the dorsal 
surface of the terminal portion of the genital tract—the vagina in the 
female, the ductus ejaculatorius in the male. The organ is traversed 
longitudinally by the oesophagus, which enters in front, some little 
distance below the anterior margin, and passing obliquely upwards 
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Fig. 5. Argas persicus ¢. The central nervous system from the dorsal aspect. The 
outermost line, which follows the contour of the ‘‘ brain” and is continued along the 
nerve roots, represents the periganglionic sinus. Slightly schematised. 


1 Nordenskiéld, E. (1909¢), pp. 461-464. 2 Bonnet, A. (1907), pp. 26-34. 
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through the organ, emerges on the centre of the dorsal surface, after 
leaving which, it almost immediately joins the stomach. 

As seen under a low magnification, the brain presents the appearance 
of a rounded, compact, creamy-white organ, measuring about 0°4 mm. in 
length ; the maximum breadth usually exceeds the length, but becomes 
perceptibly narrower in the anterior portion. The dorsal surface is 
rounded, that portion lying anterior to the oesophagus being especially 
prominent; the ventral surface is broad and flattened, and the lateral 
margins are slightly indented between the roots of the four large trunks 
of the pedal nerves (see Text-fig. 5). 

It has already been shown that the brain is completely surrounded 
by the periganglionic blood sinus (see Part II, p. 243) and thus receives 
its blood supply direct from the heart. 

In sections of the brain, the organ is seen to be completely invested 
in a closely adherent, connective tissue sheath or newrilemma, which is 
reflected at the point of entry of the oesophagus to form a continuous 
sheath, which surrounds and separates the latter from the actual brain 
substance. The nervous tissue of the brain consists of a peripheral zone 
of ganglion cells surrounding a central mass of molecular substance, 
which is traversed in all directions by the nerve fibres which form the 
various commissures and connectives which link up the different ganglia. 
The superficial layer of ganglion cells is not of uniform thickness 
throughout its extent, being so thinned out in places as to almost com- 
pletely disappear, while in other places the ganglion cells extend as 
wedge-shaped masses down into the molecular central portiou, and thus 
define the ganglia from which the main nerve trunks originate. 

In spite of the extreme degree of fusion of the individual ganglia of 
which the central nerve mass is composed, it is by no means difficult to 
recognise these ganglia in sections of the brain. At first sight the brain 
appears to consist of a “supraoesophageal” and a “suboesophageal 
ganglion,” which are united on either side of the oesophagus by a stout 
connective. A single pair of nerves arises from the “supraoesophageal 
ganglion,” the remainder all taking their origin from the “suboesopha- 
geal ganglion.” From a study of vertical and horizontal sections of the 
brain, it is seen that these “ganglia” are divided into a number of 
true ganglia from which the main nerve trunks take their origin, and 
the relations of these constituent ganglia are readily established (see 
Text-fig. 6). 

The supraoesophageal portion of the brain is then seen to consist of 
two pairs of ganglia, the smaller pair of which is situated in the above- 


‘ 
| 
| 


L. E.. Roprinson anp J. Davipson 397 


Fig. 6. Argas persicus ¢. Sections through the central nervous system, showing the 


disposition of the component ganglia. A. Horizontal section through the supra- 
oesophageal portion, showing the cerebral and cheliceral ganglia; B. Transverse 
section through the same part; C. Transverse section some little distance posterior 
to B, showing the cheliceral and palpal ganglia; D. Horizontal section through the 
suboesophageal portion, showing the palpal, pedal and splanchnic ganglia; E. Vertical 
longitudinal section of lateral portion of ‘‘ brain,” showing the palpal, pedal, and one 
of the splanchnic ganglia. 

The peripheral distribution of the ganglion cells is clearly indicated in the 
sections, the centrally-situated fibro-molecular substance being represented by 
stippled shading. 

g.cb. cerebral ganglion; g.ch. cheliceral ganglion; g.p. palpal ganglion; g. pd. 
1-4, pedal ganglia; g.sp. 1-2, splanchnic ganglia; n.ch. cheliceral nerve; n. p. 
palpal nerve; n.pd. pedal nerve; n.sp. splanchnic nerve; oes. oesophagus; 8. pg. 
periganglionic sinus. 
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mentioned dorsal prominences lying immediately anterior to the efferent 
portion of the oesophagus. These are the true cerebral ganglia, which 
in the Ixodid ticks give rise to the optic nerves, and the nerves of the 
porose areas, in those cases where such organs are present; in Argas, 
however, these sensory organs are absent, and apparently no nerves are 
derived from the cerebral ganglia. 

The cheliceral ganglia, which form the anterior portion of the 
“supraoesophageal ganglion,” are situated immediately below and in 
front of the cerebral ganglia, and from the antero-dorsal face of each 
the cheliceral nerve issues. A stout bundle of nerve fibres forms a 
connective, which descends from each of the cheliceral ganglia, the two 
connectives passing down on either side of the oesophagus and forming 
a connection between the cheliceral ganglia and the suboesophageal 
portion of the brain. 

The suboesophageal portion forms the greater part of the brain, and, 
as already stated, all the remaining nerves originate from this part. 
The first pair of ganglia—the palpal ganglia—are situated in the 
antero-lateral region, on either side of the place of entry of the oeso- 
phagus, and give rise to the nerves which innervate the palp. The 
entire lateral region of the suboesophageal portion of the brain is 
divided into four successive ganglia, the pedal ganglia, from each of 
which a pedal nerve takes its origin. The posterior part of the brain, 
lying behind and between the fourth pair of pedal ganglia, is seen to 
consist of four small splanchnic ganglia, disposed in pairs on either side 
of the median line, from which the splanchnic nerves derive their origin. 

The nerve cells which constitute the peripheral ganglionic layer of 
the brain are all of the unipolar variety (see Text-fig. 7). We have 
succeeded in identifying, in Argas persicus, two of the three different 
types which Nordenskidld found to exist in the brain of Ixodes ricinus*. 
The larger ganglion cells are, for the most part, confined to the dorsal 
portion of the brain, immediately posterior to the place of exit of the 
oesophagus. <A few large cells are, however, scattered among the 
ganglion cells in the ventral portion of the brain. All the remaining 


1 The origin of the cheliceral nerves from the supraoesophageal portion of the brain is 
apparently secondary. Wagner observed that in the developing larva of Ixodes calcaratus 
Bir. the cheliceral ganglia appear as the first of the series of six pairs of thoracic ganglia, 
and are then situated below the oesophagus, but in the subsequent process cf condensation, 
they ascend to the supraoesophageal position and fuse with the cerebral ganglia. It may 
be remarked that the palpal ganglia are also involved in a lesser degree, as is indicated 
by the position on either side of the oesophagus which they ultimately attain. 

* Nordenskidld, E. (1909), p. 462. 
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nerve cells are of practically uniform size and agree in their appearance 
with the “medium-sized” cells which Nordenskidld has described. 
The small ganglion cells do not appear to be represented in this species. 


1/100ths mn, 


Fig. 7. Argas persicus $. Transverse section of a portion of the ganglionic layer, from 
the ventral part of one of the pedal ganglia. 
bl. cp. blood corpuscle; g.c. ganglion cells; n.f. nerve fibres; nl. sh. neurilemma 
sheath ; s. mol. molecular substauce; s. pg. periganglionic sinus. 


The Peripheral Nervous System. 
Seven pairs of large nerve trunks arise directly from the central 
nervous system in Argas persicus, viz. 
1. The cheliceral nerves. 


2. The palpal nerves. 

3. The nerves of the Ist pair of legs. 

7. The splanchnic nerves. 


In addition to these, however, a variable number of small nerves 
arises directly from the brain, one group originating close to the bases 
of the palpal nerves, while the remainder are irregularly distributed 
along the posterior margin and are apparently associated with the 
splanchnic trunks (see Text-fig. 5). It is the presence of these smaller 
nerves, and the fact that the main trunks themselves may occasionally 
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divide into two branches immediately at their point of issue from the 
brain, that has given rise to the discrepancies in the literature. Heller, 
for instance, alludes to the presence of 18-19 nerve trunks radiating 
directly from the brain in Argas persicus’, and in Ixodes ricinus, 11 
pairs of nerves were described by Pagenstecher*. Heller also found a 
median unpaired nerve which took its origin from the anterior part of 
the brain and ran forwards beneath the oesophagus to the mouth- 
parts, but, so far as we know, nobody has since succeeded in confirming 
this observation. 

The structure of the nerves is apparently simple. Each trunk is 
closely invested by a thin newrtlemma sheath which is continuous with 
that of the brain. Immediately below the neurilemma, large elliptical 
nuclei are distributed at intervals, which rest on the external surface 
of a central core of fine longitudinally-disposed nerve fibrils, the latter 
forming the greater part of the mass of the nerve. It has been 
previously shown that each of the main nerve trunks runs, freely 
suspended, within the lumen of an arterial branch of the periganglionic 
blood sinus (see Part II, pp. 243-244). 

The cheliceral nerves arise from the antero-dorsal extremity of the 
supraoesophageal portion of the brain, and immediately beyond the 
point of origin each nerve runs directly upwards to the proximal 
extremity of the shaft of the corresponding chelicera, where it divides 
into two branches, one of which enters the base of the shaft and 
innervates the digital muscles, while the posterior branch ramifies 
among the retractor muscles. 

The palpal nerves take their origin from the antero-lateral angles of 
the brain, on either side of the oesophagus. They run forwards along- 
side the pharynx, near the posterior end of which each gives off a 
mesial branch which runs towards the middle line of the body and 
loses itself among the pharyngeal muscles, while the main branch 
continues to the base of the palp which it enters. 

The four pairs of pedal nerves spring from the lateral margins of the 
brain, each trunk passing outwards to its respective appendage. Each 
pedal nerve divides into two equal branches at a point about mid-way 
between the brain and the coxa. 

The splanchnic nerves originate from the postero-lateral angles of 
the brain, from which they pass almost directly backwards, their branches 
innervating the alimentary canal, the genitalia and the body-muscles. 


1 Heller, C. (1858), p. 311. ? Pagenstecher, H. A. (1861), p. 36. 
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The Sensory Organs. 


Although Argas persicus quickly responds to such external stimuli 
as light and heat, the only recognisable sensory organs which it appears 
to possess are the tactile hairs, which are present on various parts of 
the body and appendages, and Haller’s organ, the function of which has 
been finally and definitely settled by the recent experimental investi- 
gations of Hindle and Merriman’. 

The tactile hairs are identical in their general form with the 
corresponding structures in the Ixodid ticks, and call for no special 
comment. The most important, conspicuous by reason of their relatively 
large size and concentration, are those with which the extremity of the 
terminal article of the palp is furnished. Long tactile hairs are also 
found, sparsely scattered on the legs, more especially on the tarsal 
articles. Hindle and Merriman have called special attention to the 
well-marked tendency to bring as much of its body surface into contact 
with surrounding objects as possible, which this tick shows in all stages 
of its development*. Whether this “ positive thigmotropism” is the 
manifestation of a special instinct, or whether it is only a secondary 
result of the tick’s inherent desire for concealment and avoidance of 
light, appears to be open to question. It is, however, certain that the 
entire surface of the tick’s body is extremely sensitive to the stimulus 
of contact. 

Haller’s organ, in its structure and situation, is identical with the 
corresponding sensory organ in other ticks. The only material difference 
in the structure of the organ, from that of such a form as Haemaphysalis 
punctata, is that the vesicle containing the sensory hairs is relatively 
deeper, and the pore which communicates with the exterior is larger ; 
and also, the sensory hairs are apparently confined to the lower portion 
of the vesicle, while the crowded hairs with which the vesicle is filled 
apparently serve a protective function only. 

As already pointed out, although no eyes are present, Argas persicus 
displays a marked dislike to exposure to light, and it would appear, in 
the absence of any recognisable photo-sensitive organ, that the light 
sense is distributed over the entire body surface. The investigations of 
Hindle and Merriman support this view, and they make special allusion 
to the fact that in the larval and early nymphal stages, when the cuticle 


1 Hindle, E. and Merriman, G. (1912). 
? Hindle, E. and Merriman, G. (1912), p. 208. 
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is very thin, the response to the stimulus of light is more active than in 
the mature stages when the cuticle is thicker and less transparent’. 

For detailed information on the sensory perceptions of this tick, the 
reader is referred to the excellent paper cited above. 


THE GENITAL ORGANS. 
Plates XXVI-XXVIII (see also Part II, Plates XIV-XVI). 


The genital organs of Argas persicus, as is the case in the ticks as a 
whole, are situated in the middle part of the body, between the alimen- 
tary canal and the ventral body wall. The gonad—ovary or testis as 
the case may be—is an unpaired organ which lies transversely across 
the posterior half of the body, just in front of the anterior limit of the 
posterior-median dorso-ventral body-muscles; from each lateral extremity 
an efferent canal—oviduct or vas deferens—takes its origin and after a 
somewhat tortuous course this canal opens, together with its partner of 
the opposite side, into a common median receptacle, the uterus in the 
female and the seminal vesicle in the male. From the median receptacle, 
a short canal leads directly forwards to the external genital orifice. In 
both sexes, certain accessory glands are associated with the terminal 
unpaired section of the genital tract, these glands in the case of the male 
assuming an extraordinary degree of complexity. 

From the foregoing general account, it is seen that the genitalia of 
this tick agree, in the essentials of their form and arrangement, with the 
sexual organs of other ticks, and indeed, so far as present knowledge 
extends, with those of the Acarina generally. 

No separate receptaculum seminis is developed in the female, as we 
know to be the case in some, if not all, of the [xodidue. 

In common with all the Ixodoidea, Argas persicus is oviparous and 
the spermatozoa are extruded in the form of spermatophores. No 
special intromittent organ is developed in the male, the spermatophore 
being introduced into the female genital canal by the capitulum of 
the male. 

The genital organs apparently attain their complete development, so 
far as the various parts are concerned, in the deuteronymph, though, of 
course, the sexual glands are then immature and the opening to the 
exterior is not patent. 

The subsequent changes are by no means easy to follow, and in the 
following pages we shall confine ourselves principally to a description of 


1 Hindle, E. and Merriman, G. (1912), p. 206. 
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the anatomy of the genital organs as they appear in the mature adult, 
shortly after engorgement. In the female, particularly, different parts 
of the genital system are, more or less, always in a state of change, and 
though the gross anatomy is not much affected thereby, the study of 
the histological structure of the ovary, the walls of the uterus and the 
oviduct, is rendered exceedingly difficult by the fact that degenerative 
and regenerative phases may be exhibited simultaneously in various 
regions of the genital tract. 

‘ The observations which were made in connection with the anatomy 
of the alimentary canal (Part II, p. 235) apply here with even greater 
force, and it would necessitate the collection of a large supply of care- 
fully prepared material, the history of which was definitely known, in 
order to work out these phases of development in a satisfactory manner, 
a fact that we did not sufficiently realise when preparing the material, 
the study of which has furnished the matter for this paper. 


The Female Genital Organs. 


The female genital organs are comprised of : 
1. The Ovary. 3. The Uterus. 
2. The Oviducts. 4. The Vagina. 
5. Gené’s organ. 


The Ovary. 
Plate XXVI, figs. 1-5 (see also Part II, Plate XIV ov.), 


The ovary (ov.) is situated in the posterior half of the body, its median 
portion lying between the rectum in front and the foremost columus of 
the postero-median dorso-ventral muscles behind ; it is covered dorsally 
by the postero-lateral coecal lobes of the stomach and its ventral 
surface rests upon the anterior portion of the rectal sac. 

The organ consists of a broad strap-like tube with thick walls, 
which lies transversely across the body, its entire length measuring 
approximately one-half of the body width. The ovary frequently 
appears to be twisted and crumpled by the pressure of the superposed 
alimentary coeca. The external surface is densely studded with small 
spherical bodies—the immature ova. 

In transverse sections of the ovary, its wall is seen to be formed of 
a thick epithelium composed of cells of variable size and appearance 
which rest upon a thin structureless basal membrane. From this 
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ovarian epithelium the ova (0. 0’.) are derived and in a young female 
they may be recognised in all stages of development, scattered among 
the smaller unaltered cells which are always present in large numbers. 

As the ova increase in size, they approach the basal membrane of 
the ovarian epithelium and, simultaneously, a proliferation of the 
adjacent unaltered epithelial cells takes place with the result that a 
pedicel (p.ov.) is formed, upon the extremity of which the rapidly 
growing ovum is pushed out of the epithelium, carrying the basal 
membrane before it, as a closely investing ovarian follicle (f ov.). In 
this manner the ovum finally comes to rest on the external surface of 
the ovarian epithelium, with which it remains connected by the narrow 
neck-like pedicel, and still enveloped by the thin membrane or follicle 
derived from the basal membrane. 

While still forming a part of the actual ovarian epithelium, the 
developing ova begin to show aggregations of yolk granules in their 
cytoplasm and it is to this accumulation of yolk granules, rather than 
the enlargement of the nucleus, that the rapid increase in size is due. 
The nuclei of such young ova are more or less spherical in form and rich 
in chromatin and surrounded by a pale aud finely granular cytoplasm. 
(See Plate XXVI, fig. 4.) The extra-ovariau ova often assume a more 
or less pear-shaped form, the smaller end being the point of attach- 
ment to the pedicel. The whole of the cytoplasm is densely crowded 
with yolk granules, and the nucleus, which attains a considerable size, 
generally presents an oval or elliptical form, is relatively poor in 
chromatin, and contains a large deeply-staining nucleolus (see Plate 
XXVI, figs. 2, 3). 

Up to this stage, the ovum is devoid of a shell and the idea that the 
shell is the product of the thin membranous ovarian follicle is quite 
untenable’. A portion of the wall of the ovarian tube is formed of cells 
which present a gland-like appearance (Plate XXVI, fig. 2, gl. ov.) 
and it is possible that this ovarian gland secretes the shell of the 
ovum. On the other hand, we have never seen spermatozoa at a 
higher point in the female genital tract than the upper part of the 
oviduct, and even then they have been isolated examples, the great 
majority of the spermatozoa remaining in the uterus and the lower 
part of the oviduct. Owing to the apparent impossibility of a sperma- 
tozoan penetrating the stout chitinous shell of the mature ovum, 
and, so far as we know there is no micropyle, fertilisation of the ova 
must be accomplished prior to the formation of a shell, in which case 

1 See Heller, C. (1858), p. 315. 
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the shell is probably secreted by the epithelial lining of the oviduct. 
All who have written on the subject of the genitalia of the ticks are 
curiously reticent on this point, and it appears to us to be by no means 
unimportant, in view of the fact that pathogenic protozoa—e.g. Piro- 
plasma bigeminum—are transmitted from the female tick, via the egg, 
to the larva, which is thus infective from the time of hatching. 


The Oviducts. 


The oviducts (d. ov.) consist of a pair of relatively thick-walled tubes 
which take their origin from the lateral extremities of the ovary, from 
which they run forwards, following a convoluted course, as far as the 
anterior extremity of the uterus; at this point they suddenly turn 
inwards and backwards and run along the lateral margins of the uterus, 
which they enter at its respective posterior angles. From the point 
where the course of the oviducts is reflected to their union with the 
uterus, their diameter is considerably enlarged. 

The wall of the oviduct is formed of three lay .rs,—an inner epithelial 
layer of very elongated columnar cells, with small pale nuclei situated 
near their bases—a middle layer of muscular fibres, disposed in a circular 
direction, but upon the external surface of which a number of separated 
longitudinal muscle bands are disposed—and an outer layer of flattened 
epithelial cells. The free margin of the columnar cells of the lining 
epithelium usually presents a frayed and ragged appearance, and the 
cells encroach so far into the interior of the tube as to almost occlude 
its lumen. The upper and thinner portion of the oviduct differs some- 
what from the lower portion, in the fact that the muscular layer is not 
so strongly developed, while the epithelial lining is almost suppressed 
on one side of the duct, and as the remaining epithelial cells extend 
across the duct for some distance beyond its centre, the lumen is 
excentric. 

The lower and thicker portion of the oviduct ultimately becomes 
distended with spermatozoa and the histological details of its walls are 
to a great extent destroyed: 


The Uterus. 


The uterus (ut.) is a large median unpaired sac of triangular form 
which is situated in the middle of the body, between the stomach and 
the ventral body wall. The posterior angles are somewhat drawn out 
in the form of cornuate extensions, into the extremities of which the 
oviducts open. 
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The structure of the wall of the uterus resembles that of the lower 
part of the oviduct, in fact the latter almost appears to be a continuation 
of the former; but, as the sac becomes enormously distended with 
spermatophores, the walls of the body of the uterus are so thinned 
out, that the original character of the epithelial lining is completely 
destroyed. The narrower portion, or neck, of the uterus, being less 
subject to dilation, generally exhibits the normal structure, particularly 
in the portion near the place of transition from the uterine to the 
vaginal epithelium (see Plate XXVI, fig. 7, ut.). The epithelial lining 
consists of closely-packed elongate columnar cells, with elongated nuclei 

’ situated at the basal portion of the cells. The muscular layer consists, 
a for the most part, of circular and oblique fibres, but the longitudinal 
fibres which form the outer portion of the muscular sheath are not 
collected into separated bands, and are more numerous than those of 
the oviduct. 

The uterus functions as a receptaculum seminis, and though the 
usual number is one or two, we have observed as many as eight 
unruptured spermatophores in the sac at one time; and as the latter 
each measure about 08mm. in length by 06mm. in breadth, the 
extreme degree of distension, to which the sac is subject, is no matter 
for surprise. 

Sooner or later, the thin membranous envelopes of the spermato- 
phores rupture, and the contained spermatozoa are found free within 
the uterus and the lower dilated portion of the oviduct. 


The Vagina. 


The vagina (vg.,vg’.) comprises that portion of the common genital 
canal which extends from the uterus to the external genital opening, 
and is distinguished from the rest of the genital tract by the fact that 
it is lined throughout with a thin internal sheath of chitin which is 
coutinuous at the external genital opening with the general cuticle 
of the body. ‘ 

In ordinary dissections, it is possible, from the external form alone, 
to distinguish two distinct portions of the canal, while sections through 
the part show structural differences of a very marked character. 

The proximal or cervical portion of the vagina (Plate XXVI, figs. 
6, 7, ug’.) is a short, stout, cylindrical or barrel-shaped tube, one end of 
which is partially telescoped into the neck of the uterus, generally a 
little towards the ventral side of the latter, while the other end turns 
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upwards and opens into the under surface of the broad flattened canal 
which forms the distal or vestibular portion of the vagina (vg.). The 
two sections of the vagina overlap one another to a slight extent, the 
posterior end of the vestibular portion forming a very shallow blind 
pouch .or cul-de-sac into which a pair of accessory glands (gl. ac. gen.) 
opens. 

At the uterine extremity of the vagina, its epithelium is partially 
prolapsed into the cavity of the uterus in the form of a rosette with a 
depressed central portion, which marks the site of the opening of the 
narrow lumen of this portion of the vagina. The epithelium of the 
cervical portion is composed of columnar cells, the arrangement of which 
is complicated by the fact that the epithelium is thrown into a series 
of deep longitudinal folds, with the result that in longitudinal sections 
(see Plate XXVI, fig. 7), the nuclei of the cells appear to be scattered 
indiscriminately through the entire thickness of the epithelium. The 
thin chitinous intima everywhere maintains its connection with the free 
margins of the epithelial cells, dipping down in the deep narrow clefts 
which divide the longitudinal folds. The epithelial layer is surrounded 
by a thick sheath formed of several layers of circularly-disposed muscle 
fibres (m.vg.). This muscular sheath is continuous behind with the 
muscular layer of the wall of the uterus (m.uwt.), but at the anterior 
extremity of the cervical portion of the vagina, it comes to an abrupt 
termination. From the dorsal surface of the muscular sheath, several 
small bundles of muscle fibres arise, some of which pass, upwards and 
forwards, directly to their places of attachment to the proximal end of 
the vestibular portion of the vagina, while others, arising from the 
lateral portions of the dorsal surface of the muscular sheath, pass 
upwards and obliquely forwards, and crossing each other on the way 
are inserted into the opposite sides of the proximal end of the vestibular 
portion of the vagina. 

In addition to the above-mentioned muscles, a number of fibrils, 
which appear to be muscular in nature, are present in the epithelial 
layer. They arise from the inner surface of the circular muscular sheath 
and pass directly towards the lumen of the vagina, their extremities 
being lost among the epithelial cells, or in some cases they apparently 
reach, and become attached to, the inner surface of the chitinous intima. 

The vestibular portion of the vagina (vg.) consists of a broad flattened 
tube which leads directly to the external genital opening. Its chitinous 
lining is considerably thicker than that of the preceding portion, and 
its exposed surface is completely covered with minute pointed scale-like 
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papillae which are disposed in transverse rows. Beneath the chitinous 
lining is a layer of small columnar epithelial cells which is thrown into 
regular transverse folds, but, unlike that of the preceding section of the 
vagina, the chitinous lining does not dip between these folds, but 
passes directly over them. : 

As already mentioned, the accessory glands (gl. ac. gen.) open into 
the shallow cul-de-sac formed by the posterior end of the vestibular 
portion of the vagina, immediately above and behind the opening in 
the floor of the latter, through which communication is established 
between the two sections of the vagina. They consist of a pair of 
sausage-shaped glands which are attached externally to the dorsal 
surface of the vestibular portion of the vagina, immediately anterior 
to the groove which separates the latter from the cervical portion. 
Each gland, which is of the simple tubular type, extends backwards 
for a short distance over the dorsal surface of the uterus (see Plate 
XXVI, fig. 6, gl.ac.gen.). The size of the accessory glands is variable, 
but the maximum development is attained at the time of oviposition, 
a fact which suggests that their function is concerned in this process. 
The gland is composed of large columnar cells with rounded nuclei and 
a deeply-staining, coarsely granular cytoplasm. The lumen of the gland 
is very small. 

The complexity of the structure of the vagina in Argas persicus 
finds an explanation, without doubt, in the fact that in addition to its 
ordinary function as a mere channel for the passage of the ova and 
spermatophores, it plays an important part in the process of oviposition. 
Unfortunately, we have never had an opportunity of observing this 
process in Argas, but there is no reason for supposing that it differs 
from the act of oviposition in the Ixodid ticks; and from what we know 
of the latter, we attempt to explain the function of the two parts of the 
vagina as follows: 

The vestibular portion of the vagina during the act of oviposition 
becomes completely evaginated and prolapses through the external 
genital opening in the form of a short ovipositor with a truncated 
extremity. By the contractions of the uterine walls, and also of the 
dorso-ventral body-muscles, the ova are forced, one by one, into the 
contracted anterior portion, or neck, of the uterus, which is only 
sufficiently large to accommodate a single ovum. The cervical portion 
of the vagina then comes into action. The everted lips of the latter, 
which, as shown above, protrude into the cavity of the uterus, insinuate 
themselves over the ovum, which is maintained in position by the 
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contraction of the uterine muscles, and gradually *he ovum is manipu- 
lated by the action of the complex arrangement of muscles surrounding 
the cervical portion of the vagina, first into this portion of the vagina 
and then to the base of the ovipositor, the final extrusion being brought 
about by the contraction of the dorso-ventral body-muscles, particularly 
the dorso-genital muscles. A copious secretion of fluid by the accessory 
glands serves to lubricate the terminal portion of the vaginal canal, and 
thus to facilitate the passage of the eggs. 

The eggs of Argas persicus are almost spherical in form, and have 
a diameter of 0°6-0°8 mm. The shell is dark yellowish-brown in colour 
and its external surface is ornamented by a very delicate reticulation 
which is generally concealed by the adherent moist secretion of Gené’s 


organ. 
Gené’s Organ. 


Plate XXVI, figs. 8-10, Plate XXVIII; see also 
Part II, Plate XIV, Gen. org. 


Gené’s organ, so named by Nuttall! in honour of its discoverer?, 
is solely concerned in the act of oviposition and is, therefore, peculiar 
to the female tick. It is, we believe, universally present in all the 
Izodoidea, and has been the subject of more or less detailed considera- 
tion in most of the works dealing with tick anatomy in recent times. 
It has been described under various names—cephalic gland, subscutal 
gland, ovipositing gland, and others; and has, moreover, been the 
subject of some very strange and erroneous conceptions. 

The organ makes its first appearance during the final nymphal 
moult, but only attains its maximum development by the time that 
the sexual organs have acquired their full activity. It consists of a 
pair of eversible membranous sacs, derived from the chitinous cuticle 
of the body, which in the non-active state are contained within a pair 
of similar sacs of hypodermal origin, and into which the efferent ducts 
of a pair of large glands opens. Gené’s organ is situated entirely in 
the anterior part of the body, its median portion lying immediately 
above the anterior margin of the capitular foramen, while the glandular 
portion extends laterally and posteriorly for some distance within the 
body cavity. 

It has already been seen (Part I, p. 34; Plate III, fig. 7) that 
the external opening of Gené’s organ is a broad crescentic slit with 


! Nuttall, G. H. F. (vir. 1908), p. 16 repr. 2 Gené, G. (1844). 
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everted lips, which extends across the camerostomal depression immedi- 
ately anterior to the fold formed by the union of the camerostomal 
integument with the proximal margin of the dorsal part of the basis 
capituli. To the margins of this external opening, the common mouth 
of the paired membranous and hypodermal sacs is attached all round, 
the membranous portion being here directly continuous with the external 
cuticle of the body, while the hypodermal portion joins the general 
hypodermis in a corresponding manner. 

The arrangement of these parts may be briefly described as two 
adjacent invaginations of the body cuticle and hypodermis at the site 
of the external slit, both invaginations possessing a common opening : 
they may aptly be compared to two pairs of breeches with very wide 
and baggy legs, one pair within the other. The legs of the breeches 
are closed at their nether extremities, while the waist-band is represented 
by the external opening of the organ. 

The outer pair of breeches is represented by the hypodermal sacs, 
into which the wide efferent ducts of the laterally-placed glands open, 
one on either side, at the place corresponding to the pocket openings 
of the breeches. 

Into the posterior extremity of each of the hypodermal sacs, a small 
bundle of muscle fibres is inserted, the proximal end of which takes 
its origin from the body wall just anterior to the capitular foramen 
(Plate XXVI, figs. 8-9, m.r. gen. org.). These muscles play an important 
part in effecting the restoration of the organ to its resting condition 
after the eversion of the membranous sacs. 

Plate XXVIII shows two transverse sections through the anterior 
part of the body of a female Argas persicus. The first section is 
situated at the level of the fold which is formed by the junction of the 
dorsal face of the capitulum with the integument of the camerostome. 
This fold (cam.) just appears in the central portion of the section, lying 
between the capitulum below, and Gené’s organ above. 

The second section is taken at a level some distance posterior to 
the former, but still anterior to the capitular foramen. In this section, 
the two halves of Gené’s organ appear completely separated, and the 
outer hypodermal sac (hd.s.) with the glandular portion opening into 
it, is clearly distinguishable. Within this hypodermal sac, a curiously 
folded and crumpled continuous line represents the section of the 
inner chitinous sac (ct. s., ct. s’.) which presents, in its resting state, 
a collapsed and flattened appearance. The same parts are represented 
in the first section, but this section is intended to show the relations 
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of the parts of Gené’s organ with the general integument of the body, 
and is complicated by the continuity of the two sacs with the hypo- 
dermis and cuticle of the body wall. In this section, the glandular 
portion (gl. Gen. org.) is cut in a plane slightly auterior to its connection 
with the hypodermal sac, and appears, therefore, to be completely 
separated from the latter. 

From a study of these sections, the thin walls of the chitinous sacs 
are seen to be folded in a very curious manner, and it may be observed 
that many of these folds are absolutely constant in their forms and 
relations, in different individuals. In the mesial portion, where, it will 
be noticed, the chitinous membrane is stouter than elsewhere (ct. s’.), 
a number of longitudinal folds appear (see also Plate XXVI, fig. 8), 
which in transverse section present an S-shaped figure. These folds 
extend from the mouth of the chitinous sac almost to its posterior 
extremity, and, unlike the thin and flexible membranous chitin which 
forms the major part of the sac, they are sufficiently stiff and substantial 
to maintain their form, or at least are able to resume their original 
form, by virtue of their elasticity, when the everted sac returns to the 
resting state. A small portion which is thrown into a series of fine 
longitudinal folds may always be observed lying close to the S-shaped 
folds; these are shown in the lower section (Plate XX VIII) as a series 
of small regular undulations. What the functions of the stiff folds of 
the chitinous sac may be, we cannot determine with certainty, but it 
is suggested that they are concerned in some way with the restoration 
of the everted chitinous sac to its resting position. A small salient 
longitudinal fold of the wall of the hypodermal sac extends into the 
space formed by the curve of the lower limb of the S-shaped fold, and, 
in all probability, assists in maintaining the chitinous sac in a correct 
position during the resting state. This hypodermal fold appears in the 
sections as a small tongue-like extension from the inner surface of the 
hypodermal sac (see Plate XX VI, fig. 9; and Plate XXVIII). 

The glandular portion of Gené’s organ (gl. Gen. org.), as already 
has been shown, opens into the space between the hypodermal and the 
chitinous sacs. The gland proper is divided in a digitate manner into 
a number of simple tubules with thick walls and blind extremities. 
These tubules extend laterally and posteriorly within the body cavity, 
and in the active phase of the organ may attain a very considerable 
size. Each tubule is lined with a thick secretory epithelium composed 
of large columnar cells (see Plate XXVI, fig. 10), the bases of which 
rest on a thin homogeneous basal membrane which forms the covering 


| 


412 Argas persicus 


capsule of the tubule. The nuclei of the secretory cells are moderately 
large and rich in chromatin, and are generally situated near the central 
portion of the cell. The cytoplasm is pale and shows a coarse reticulum 
of spongioplasm, the interstices of which are filled with the hyaline 
fluid secretion. The mouths of the gland tubules open collectively 
into a broad duct which runs towards the middle line of the body, 
and, as shown above, communicates directly with the cavity of the 
hypodermal sac. 

Nuttall has described and figured the operation of oviposition in 
Haemaphysalis punctata* and there is every reason for believing that 
the operation is very similar if not quite identical in Argas persicus. 

The chitinous sacs are presumably everted by the rapid secretion 
of fluid by the glands of Gené’s organ, which fluid pours into the space 
between the chitinous and the hypodermal sacs. The chitinous sacs 
are ballooned out until their walls become quite tense, and the secre- 
tion, which serves to moisten the ova, presumably with the object 
of preventing or delaying desiccation, percolates through the thin 
membranous chitin. We have never seen the sacs in the everted 
condition in Argas persicus, and are unable to say whether the secre- 
tion transudes through the actual substance of the chitin, which, it 
may be remarked, is excessively thin, or whether the chitin is 
perforated by minute pores such as appear to be scattered over the 
surface of the everted sacs in Haemaphysalis punctata. It is impossible 
to distinguish such pores in the collapsed state of the sac. 

How the everted chitinous sacs are withdrawn into the hypodermal 
sacs during and after the act of oviposition, it is not easy to explain. 
So far as we have been able to observe, they are not connected with 
any part of the hypodermal sacs, except at the external opening of the 
organ. The rhythmical movements of the everted sacs, which are 
exhibited during the act of oviposition, may be brought about by 
the contractions of the muscles which are attached to the proximal 
extremity of the hypodermal sacs, and we can only suggest that 
the natural elasticity of the S-shaped longitudinal folds, together with 
the action of these muscles and the absorption of the residual fluid 
remaining in the space between the chitinous and hypodermal sacs, 
helps to bring about the re-invagination of the chitinous sac and its 
restoration to the normal resting position. 


1 Nuttall, G. H. F. (viz. 1908), pp. 16, 17 repr. 
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The Genital Organs of the Male. 


Plate XXVII, see also Part II, Plates XV and XVI. 
The genital organs of the male comprise the following parts : 
1, The Testis. _ 3. The Seminal Vesicle. 
2. The Vasa Deferentia. 4. The Ductus Ejaculatorius. 


5. The Accessory Glands. 


The Testis. 
Plate XXVII, fig. 1, tes. 


The testis is situated in the posterior part of the body, in a position, 
corresponding precisely, in its relations to the surrounding organs, with 
that of the ovary in the female. It consists of a slightly irregular, more 
or less convoluted, flattened tube of a yellowish-white colour, smaller 
in: diameter than the ovary, but of about equal length—z.e. approxi- 
mately one-half of the body width. 

The outer wall of the testis is formed by a thin sheath of connective 
tissue, within which, in young immature males, a single layer of 
epithelial cells of large size appears. These cells are the spermatogonia, 
which, as the testis developes, proliferate, passing by two successive 
maturation divisions through the spermatocyte stage to the final or 
spermatid form. Each spermatogonial cell thus gives rise to four 
spermatids, which are transformed without further division into sperma- 
tozoa. As usually seen in sections, the lumen of the greater part of 
the testis is packed with spermatids, which are at first enclosed in 
“pockets” formed by thin partitions of connective tissue which extend 
from the investing connective tissue sheath of the testis. As the 
spermatids increase in size, the “ pockets” break down, and the now 
free spermatids pass from the lumen of the testis to the vas deferens 
where they rapidly assume the elongated form of the mature 
spermatozoa. 


The Vasa Deferentia. 
Plate XXVII, figs. 1-2, vd., ‘vd’. 


The vasa deferentia are a pair of long ducts which issue from che 
lateral extremities of the testis, and, after a tortuous course, open into 
an unpaired median seminal vesicle. 

The diameter of these ducts shows a remarkable range of variation 
in the different sections of their course. The first section of the 
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vas deferens consists of a tube, the diameter of which barely exceeds 
that of the Malpighian tubules; this narrow portion is disposed in a 
number of small convolutions near the extremities of the testis. The 
duct then undergoes a sudden and marked enlargement in calibre, and 
after running for a short distance in the direction of the lateral margin 
of the body, it loops round and continues its course in an anterior 
direction, passing along the lateral margins of the accessory glands to 
a point situated some little distance posterior to the external genital 
opening, where it is again reflected backwards, and after running in 
the posterior direction for a short distance, turns in towards the middle 
line of the body and, with its partner of the other side, terminates the 
median seminal vesicle. 

The portion of the vas deferens lying between the narrow proximal 
section described above and the place of reflection near the external 
genital opening, is invariably of much greater diameter than the 
remainder of the duct, and as this dilated position is filled with 
spermatozoa, Heller termed this portion the Semenblase while he referred 
to the proximal narrow portion as the vas efferens'. The portion of the 
vas deferens lying between the dilated section and the median seminal 
vesicle, though considerably smaller in diameter than the middle section, 
is not nearly so narrow as the proximal section. This terminal section 
was described by Heller as the ductus deferens, who included the whole 
median unpaired terminal section—the seminal vesicle and the terminal 
portion of the genital canal—in the term ductus ejaculatorius. 

The wall of the vas deferens is thin, particularly in the dilated 
section. It is formed of an outer muscular sheath consisting of both 
circularly and longitudinally disposed fibres, and a lining epithelium of 
large flattened cells. The epithelial cells of the proximal narrow portion 
of the duct approach the columnar form, and are further distinguished 
by the fact that their boundaries are more clearly defined by cell 
membranes than is the case with the flattened cells which line the rest 
of the duct. 


The Seminal Vesicle. 
Plate XXVII, figs. 2-4, v.d.c. 


The seminal vesicle is formed by the union of the vasa deferentia ; 
it is a thin-walled sac of triangular form situated in the middle of the 
body in a position corresponding to the uterus of the female, but is 
almost completely concealed from view by the lobes of the accessory | 

1 Heller, C. (1858), pp. 317-320. 
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glands which are closely applied to its ventral, posterior and lateral 
surfaces. Its anterior angle is just visible in the figure which shows 
the lateral aspect of the accessory glands (Plate XXVII, fig. 2), and in the 
figure of the ventral aspect of the male genitalia (Plate XXVII, fig. 1) 
the posterior margin is represented by the dotted line which crosses 
the middle portion of the accessory glands. 

Into the posterior angles of the seminal vesicle, the vasa deferentia 
open, and at the anterior angle, the sac opens downwards into a 
constricted space (Plate XXVII, fig. 3, ¢.g.com.) which forms a 
communicating passage between the seminal vesicle and the terminal 
portion of the common efferent duct which runs directly to the external 
genital opening. This constricted portion of the genital canal receives 
the openings of the ducts of the accessory gland, and appears to be 
the place in which the spermatophores are formed. The walls of the 
seminal vesicle are identical in their structure with those of the vasa 
deferentia. 


The Ductus Ejaculatorius. 
Plate XXVII, figs. 1-3, c.g. com. 


This is the terminal section of the genital tract through which 
the products of the testis and the accessory glands reach the exterior 
of the body. Like the vagina of the female, its internal surface is 
lined throughout with a thin chitinous sheath which, at the external 
genital opening, continues directly into the general cuticle of the 
body. This chitinous intima is continued within the genital canal as 
far as the anterior opening of the seminal vesicle, and, therefore, the 
constricted space mentioned above, being lined with chitin, must there- 
fore be considered as a part of the ductus ejaculatorius. The remaining 
portion is a flattened canal which runs directly to the external genital 
opening. In its general structure, the ductus ejaculatorius closely 
resembles the vestibular portion of the vagina of the female. The 
chitinous layer of the ventral wall is very thin and flexible, while that 
of the dorsal wall is stout and attains a considerable thickness towards 
its lateral margins. 

The muscles of this part of the genital tract consist of two sets, 
one of which, the dorsal genital muscles, consists of a dense cluster 
of small bundles which originate from the ventral surface of the 
endosternite and are inserted into the proximal portion of the flat 
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dorsal surface of the canal; while the other set comprises the ventral 
genital muscles, which originate from the ventral body wall and are 
inserted on the ventral surface of the ductus ejaculatorius, further 
forward than the site of insertion of the corresponding dorsal series. 


The Accessory Glands. 
Plate XXVII, figs. 1-4. 


The accessory glands comprise a large and complex mass of peculiar 
glandular tissue which almost completely surrounds and conceals the 
seminal vesicle and the terminal portion of the vasa deferentia; and, 
on account of the dense chalky-white appearance which they usually 
present, they have been frequently termed the “ white glands.” 

Glandular appendages of divers forms are generally found to be 
associated with the terminal portion of the genital tract in the Arach- 
nida, but, so far as we are aware, in no representative of the class do 
they ever attain the high degree of development which they exhibit 
in the [xodoidea. 

Heller gave a very good account of their gross structure in Argas 
persicus, though some of his observations were not free from error’. 
Pagenstecher described the structure in [xodes ricinus as a “seminal 
vesicle®,” and expressed doubts as to the existence of any actual accessory 
glands in connection with the male genitalia of this species. His figure 
(Taf. II, fig. 12) of the male genital organs, however, leaves no doubt 
whatever as to the presence of the accessory glands in this species. 
It may be remarked that Pagenstecher made some very strange errors 
in his observations on the anatomy of the genital organs of Ixodes 
ricinus, for, in both sexes, he failed to recognise the median, trans- 
versely-placed gonad, and described the dilated portion of the oviduct 
and of the vas deferens as the ovary and testis respectively. The more 
recent literature, fur the most part, contains only casual references to 
the subject of the accessory genital glands of the male tick; the only 
author, so far as we know, who has attempted a detailed description, 
being Bonnet, whose observations, so far as they go, coincide with ours*. 

In its external appearance, the accessory gland is a large bilaterally- 
symmetrical organ which rests on the floor of the body cavity, its 
anterior extremity, consisting of a single pair of club-shaped lobes, 
extending almost to the postero-ventral margin of the basis capituli, 


1 Heller, C. (1858), pp. 319, 320. ‘ 2 Pagenstecher, H, A. (1861), p. 39. 
* Bonnet, A. (1907), pp. 120-122. 
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while the posterior lobes of the organ lie in contact with the anterior 
surface of the rectal sac, and may even extend backwards for some 
distance in the lateral regions of the body on either side of the 
latter. 

An examination of sections of the gland shows it to be composed 
of two distinct types of tissue, the one of a spongy nature and the 
other granular. Each type is confined to certain lobes of the gland, 
and in no case do the two types appear together in any one lobe. 

The lobes which are composed of spongy tissue are attached by 
their bases to the lateral and ventral walls of the constricted proximal 
portion of the ductus ejaculatorius; they are four in number and from 
their respective positions may be termed the anterior and the posterior 
spongy lobes. The anterior lobes, as mentioned above, extend forwards 
on either side of the external genital opening almost to the basis 
' capituli; the posterior lobes run backwards along the middle of the 
lateral surface of the body of the gland, and almost reach the posterior 
limits of the organ. Fig. 3 (Plate XX VII) represents a transverse section 
passing through the anterior opening of the seminal vesicle, the con- 
stricted proximal portion of the ductus ejaculatorius and the four spongy 
lobes. The upper pair of the latter are the anterior lobes and the lower 
and larger pair the posterior lobes. In structure, the spongy lobes are 
seen to consist of a connective tissue stroma, the lacunae of which are 
distended with a clear pale secretion. The external surface is closely 
invested by a delicate connective tissue sheath, near which most of the 
nuclei lie. The latter are of moderate size and ovoid in shape; they 
are very rich in chromatin, which is distributed in irregular clumps 
immediately beneath the nuclear membrane. Isolated nuclei, which 
i show appearances of dissolution, are scattered in limited numbers in the 
more central portions of the lobe. The lacunar spaces of the stroma 
unite to form a short duct (d.a.s.l., d.p.s.l.) within the substance of 
the gland, which opens directly into the constricted portion of the 
ductus ejaculatorius ; through its lateral walls in the case of the anterior 
lobes, and by a pair of adjacent openings in its floor in the case of the 
posterior lobes. 

( The remaining lobes, which form the greater part of the accessory 

gland, are collectively of the granular type, and, unlike the spongy 
lobes, they all derive their origin as offshoots of a small median 
unpaired lobe which lies in the anterior portion of the ventral part 
of the body of the gland. Fig. 4 (Plate XX VII) represents a transverse 
section which passes through this median granular lobe of the white 
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gland, on either side of which lies one of the posterior spongy lobes, and 
the ventral wall of the seminal vesicle above. 

Like the spongy lobes, the granular lobes are invested in an outer 
capsule of connective tissue, but their internal structure presents a 
very different appearance. The lumen of the median granular lobe is 
represented by a narrow vertical cleft, and the entire space between 
the lumen and the capsule is filled with a singular columnar structure. 
The basal portion is formed of more or less recognisable cylindrical 
cells, the free extremities of which break into a columnar succession 
of large granules of an irregular spheroidal or polyhedral form, which 
are supported by a delicate interpenetrating stroma of connective tissue. 
These granules constitute the secretion of the gland and appear to 
aggregate into larger spherical masses or globules as they become free 
within the lumen. The basal cells are furnished with large rounded 
or elliptical, deeply-staining nuclei, and other nuclei in various stages 
of dissolution are distributed irregularly throughout the granular zone. 
The granules are strongly basophile in their reaction to dyes. The 
granular lobes all conform in their structure to the foregoing description, 
but may show minor differences in the details (see Pl. XX VII, fig. 5 a—b). 

Near the posterior end of the median granular lobe, the lumen 
divides into four divergent parts, two of which are disposed vertically 
above one another; and the other two of which diverge laterally to 
form the lumen of the first pair of lateral granular lobes (see Text- 
fig. 8, D). Of the former, the ventral lumen runs directly backwards 
and downwards and soon comes to a blind termination, while the upper 
lumen continues backwards along the main axis of the body of the 
gland, and gives off, successively, two more lateral lobes—the second 
aud third lateral granular lobes—the second lateral lobe being the 
smallest of the series. The axial lumen then divides once more in the 
vertical direction, giving off a pair of postero-dorsal granular lobes, and 
a single broad median lobe which passes upwards through the fork 
formed by the union of the vasa deferentia with the seminal vesicle, 
and turns forwards along the dorsal surface of the seminal vesicle 
where it forms a median unpaired antero-dorsal granular lobe. The 
postero-lateral angles of this lobe are generally swollen out as a pair 
of conspicuous spherical bosses. The lumina of all these granular lobes 
communicate with that of the median granular lobe, which at its 
anterior extremity opens directly through the posterior wall of the 
constricted proximal portion of the ductus ejaculatorius, into the 
cavity of which it discharges its secretion. 
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Fig. 8. Argas persicus ¢. The accessory genital gland. A series of transverse sections 
to demonstrate the relations of the different lobes of the gland, the latter being 
distinguished by the various styles of shading. In the figure of the ventral aspect of 
the entire gland, the different lobes are numbered, while the planes of the sections 
are indicated by the corresponding letters. 1. anterior spongy lobe; 2. posterior 
spongy lobe ; 3. 1st pair of lateral granular lobes; 4. median granular lobe; 5. 2nd 
lateral granular lobes; 6. 3rd lateral granular lobes. In the sections, the antero- 
dorsal and postero-dorsal granular lobes, as well as the 3rd lateral granular lobes, are 
distinguished by horizontal line shading. 

The thick lines in sections 4-H represent the sections of the seminal vesicle and 
the vasa deferentia. 
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The function of the secretion of the accessory gland is apparently 
twofold. It is responsible for the formation of the thin chitinous 
capsules of the spermatophores; and its fluid secretion serves as a 
diluent of the seminal fluid; while the granules suspended in this 
fluid, evidently identical with the secretion of the granular lobes, may 
possibly serve for the nutrition of the spermatozoa during their more 
or less lengthy sojourn in the uterus and oviducts of the female. 


The Spermatozoa. 
Plate XXVII, fig. 6 a-d. 


As they appear in the vasa deferentia and the seminal vesicle of 
the male, the spermatozoa are stout, cylindrical rod-like bodies measuring 
about 0°2 mm. in length and 10 win diameter. The nucleus is represented 
by a linear streak of chromatin situated on the periphery of the body 
near one extremity. 

The body of the spermatozoan, as seen in its entirety, exhibits a 
peculiar arrangement of the cytoplasm, which has the appearance of 
« number of stout longitudinal strands of deeply-staining cytoplasm. 
In transverse sections of the spermatozoan, these more deeply-stained 
internal parts resolve themselves into two concentric sheaths, the 
inner of which is generally thrown into one or more continuous longi- 
tudinal folds owing to the narrow limits of the space in which it is 
confined. A careful examination of the entire spermatozoan shows that 
the inner sheath is formed as an invagination of the outer sheath, the 
place of continuity of the two sheaths being distinctly visible at one 
extremity of the body. 

When the spermatozoa ultimately escape from the spermatophore 
in the uterus of the female, the inner sheath is then completely 
evaginated, and the spermatozoan becomes almost doubled in length. 

Unfortunately, we have not had an opportunity of following the 
remarkable sequence of transformations through which the spermatozoan 
passes after it leaves the testis of the male, but from what observations 
we have made, the process appears to be identical with that exhibited 
by the spermatozoa of Ixodes ricinus, which has been the subject of an 
interesting paper by Samson’ to which the reader is referred. 


1 Samson, K. (1909 b). 
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EXPLANATION OF PLATES XXV TO XXVIII. 


PLATE XXV. Argas persicus. 


The muscular system of the male as displayed after the removal of the dorsal integument 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
Fig. 


Fig. 


and the viscera. Magn. 25 diam. 


PLATE XXVI. Argas persicus. Female. 


1. The genital organs from the dorsal aspect. This figure shows the condition of 
the genitalia just before the commencement of oviposition and should be compared 
with the earlier condition illustrated on Plate XIV, Part II. Magn. 25 diam. 

2. Transverse section of the ovary of an unfed female, showiag the ovarian epithe- 
lium with ova (0. 0’.) in various stages of development, and the ovarian gland (gl. ov.). 
Magn. 125 diam. 

3. Transverse section of the ovary at the place of origin of the oviduct. The 
youngest ova (0.) are still completely embedded in the thickness of the ovarian 
epithelium, while the more mature ova (o0’.) lie without the wall of the ovary, to 
which they remain attached by the pedicels (p. ov.). Magn. 125 diam. 

4. Section of a portion of the wall of the ovary in a very young female (deutero- 
nymph ?), showing the earlier stages in the development of the ova. Magn. 1000 diam. 
5. Transverse section of the ovary at a late stage, with two large ova lying free 
within the lumen of the ovarian tubule. It may be observed that these ova are still 
unprovided with a shell. Magn. 60 diam. 

6. Terminal portion of the genital tract as seen in dissection from the right side. 
Magn. 25 diam. 

7. Median longitudinal section of the cervical portion of the vagina, showing its 
relations with the uterus and the vestibular portion of the vagina respectively. 
Magn. 200 diam. 

8. Gené’s organ. The saccular portion in the non-active condition. The eversible 
chitinous sacs (ct. s.) are seen to be suspended within the hypodermal sacs (hd. s.). 
The wide efferent ducts of the glands are represented in plain outline. Magn. 36 diam. 
9. .Gené’s organ, Transverse section of the posterior part of the saccular portion, 
showing the internally situated chitinous sacs (ct. s.) and the enveloping hypodermal 
sacs (hd. 3.); also the situation of the organ in relation to the shafts of the chelicerae. 
Magn, 140 diam. 

10. Gené’s organ. Section through one of the lobes of the glandular portion, 
showing the secretory cells. Magn. 485 diam. 


PLATE XXVII. Argas persicus. Male. 


1. The genital organs from the ventral aspect. Magn. 35 diam. 

2. The genital organs from the lateral aspect: the testis and the upper part of the 
vasa deferentia have been removed. Magn. 47 diam. 

3. Transverse section of the genital tract at the place of communication between 
the seminal vesicle (v.d.c.) and the ductus ejaculatorius (c.g.com.), showing the 
constricted proximal portion of the latter, into which the ducts of the accessory 
glands open. Magn. 260 diam. 
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Fig. 4. Transverse section through the antero-ventral part of the accessory gland, 
showing the structure of the median granular lobe and the posterior spongy lobes. 
Magn. 260 diam. 

Fig. 5. Sections of portions of the median granular lobe (a) and the 2nd lateral granular 
lobe (b) of the accessory gland. Magn. 350 diam. 

Fig. 6. (a) Spermatozoan from the seminal vesicle, showing the invaginated condition 
which persists until the spermatozoa are liberated from the spermatophore in the 
uterus of the female. (b) Transverse sections of spermatozoa showing the concentric 
sheaths of deeply-staining cytoplasm. (c) A young spermatid from the testis. 
(da) Spermatid at a later stage, from the vas deferens, showing the commencement 
of its evolution into the spermatozoan. Magn. 470 diam. 


PLATE XXVIII. Argas persicus. Female. 


Gené’s organ. Two transverse sections through the anterior part of the body, showing 
the relations of Gené’s organ with the external integument. The upper section 
passes through the fold formed by the junction of the dorsal surface of the basis 
capituli with the posterior limit of the camerostome. The lower section is taken at a 
level some distance posterior to the former, but still anterior to the capitular foramen. 
Magn. 115 diam. 


INDEX TO LETTERING ON PLATES XXV TO XXVIII. 


a. d. gr. l. antero-dorsal granular lobe of accessory gland. 

an. anus. 

a.s. 1. anterior spongy lobe of accessory gland. 

b. ¢. basis capituli. 

br. central nerve mass or “ brain.” 

bue. can. buccal canal. 

buc. cav. buccal cavity. 

cam. camerostome. 

cam. f. camerostomal fold. 

ce, al. alimentary coeca. 

c. g. com. ductus ejaculatorius. 

ch. chelicera. 

ct. Ll. chitinous lining of vagina. 

ct. 8. chitinous sac of Gené’s organ. 

ot..#. thickened S-shaped folds of chitinous sac of Gené’s organ. 
cx. 1-4 coxae 1-4. 

cz. f. coxal fold. 

d.a.s.l. efferent duct of anterior spongy lobe of accessory gland. 
d. ov. oviduct. 

d. p. 8.1. efferent duct of posterior spongy lobe of accessory gland. 
end. endosternite. 

ep. ov. ovarian epithelium. 

ep. ut. epithelial lining of uterus. 

ep. vy. epithelial lining of vagina. 

C&. Ct. &. indicates the space, external to the chitinous sac of Gené’s organ, 


which communicates directly with the exterior. 


+ 


f. ov. 

gen. ap. 

gl. ac. gen. 
gl. Gen. org. 
gl. ov. 

h. 


hd. s. 

1[st-3rd lat. gr. 1. 
1. et. 8. 

ov. 

m. abd. cx. 1-4 


m. add. ex. 1-4 
m. an. 

m. cam, 

m. d. ¢. 

m, d. ph. 
med. gr. l. 

m. e. tch. 1-4 
m. f. teh. 1-4 
m. gen. 

m. gen’. 

m. Gen. org. 


m. 


m. l. int. ex. 1-2 


m. mg. 


m. m, int. ex. 1-5 
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ovarian follicle. 

genital aperture. 

accessory genital glands. 

glandular portion of Gené’s organ. 

ovarian gland. 

hypostome. 

hypodermal sac of Gené’s organ. 

lst-3rd lateral granular lobes of accessory gland. 

indicates the space, between the chitinous and the hypodermal saes of 
Gené’s organ, which is closed to the exterior. 

lumen of ovary. 

abductor muscles of coxae 1-4. 

adductor muscles of coxae 1-4. 

anal muscles. 

camerostomal muscles. 

depressor muscles of capitulum. 

dilator muscles of pharynx. 

median granular lobe of accessory gland. 

extensor muscles of trochanters 1-4. 

flexor muscles of trochanters 1-4. 

superior genital muscles. 

dorso-genital muscles. 

muscles which pass down from the dorsal cuticle to the camerostome, 
immediately above the external opening of Gené’s organ. 

levator muscles of capitulum. 

lateral intercoxal muscles 1-2. 

marginal dorso-ventral muscles. 

mesial intercoxal muscles 1-5. 


m. m. int. cx. (Pl. XXVI, fig. 7) mesial intercoxal muscles and superior genital muscles. 


mM. p. a. 
Mm. p. Mm. 

m. ch. 

m. 7. Gen. org. 
m. sub. cx. t. 
m. sub. cx. 8. 
m, ut. 

m. vg. 

0. 


o. Gen. org. 

o. gl. Gen. org. 
ov. 

p- 

p. da. gr. 

ph. 

pl. 

ov. 

p. sl. 


postero-accessory dorso-ventral muscles. 

postero-median dorso-ventral muscles. 

retractor muscle of chelicera. 

retractor muscle of the hypodermal sac of Gené’s organ. 

inferior subcoxal muscles, 

superior subcoxal muscles. 

muscular layer of wall of uterus. 

muscular layer of wall of vagina. 

immature ova still embedded in the ovarian epithelium: in fig. 5, ova 
situated on ovarian pedicels. 

more mature ova situated on the ovarian pedicels: in fig. 5, ova free 
within the lumen of the ovary. 

external opening of Gené’s organ. 

efferent duct of glandular portion of Gené’s organ. 

ovary. 

palp. 

postero-dorsal granular lobe of accessory gland. 

pharynx. 

posterior lip of the external opening of Gené’s organ. 

pedicel of ovum. 

posterior spongy lobe of accessory gland. 
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8. ch. inner sheath of chelicera. 

supracoxal fold. 

sp. spiracle. 

sub, ch. p. sub-cheliceral plate. 

tes. testis. 

ut. uterus. 

v. d. vas deferens, proximal narrow portion. 
vd, vas deferens, distal dilated portion. 

v. seminal vesicle. 

vg. vagina, vestibular portion. 

vg’. vagina, cervical portion. 

eo indicates the place where the margin of the chitinous sac of Gené’s 


organ continues into the general body integument. 
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BOOKS. 


Besson, A. (1913). Practical Bacteriology, Microbiology and Serum Therapy. 
(Medical and Veterinary.) (Translated and adapted from the 5th French 
Edition by Dr H. J. Hutchens, D.S.0.) London: Longmans, Green & Co., 
39, Paternoster Row. 892 pp., 416 illustrations (149 coloured). 24x16 cm. 
Price 36/- net. Cloth. 

Professor Hutchens’ translation of this excellent work, which was published 
in French in 1911, has the advantage over the original in that the translator 
has made numerous additions so as to bring the book fully up to date. The 
book gives a very full account of present day technique and all the important 
pathogenic bacteria which concern physicians and veterinarians ; the patho- 
genic fungi, protozoan parasites and filterable viruses and the examination of 
water, sewage and air each occupy a section. The book is illustrated by many 
good coloured text-figures and is excellently printed on thin paper which 
prevents the work from being bulky. The book is a first class production. N. 

Heras, W. B. (1913). A Laboratory Guide to the Study of Parasitology. New 
York: The Macmillan Company. 72 pp. 22x14 cm. Price 3/6 net. Cloth. 

This book will serve as a useful guide to teachers preparing a course of 
practical instruction in parasitology, for the practical work is divided up into 
about 40 exercises, each of which provides work for 24 to 3 hours. 

The first section, on Medical Entomology, is carefully arranged to give the 
student a thorough acquaintance with the various groups of the parasitic 
Arthropoda, and the types are well chosen ; but we think that considering its 
importance as a disease carrier, Glossina might have been included with 
advantage. The section on Protozoa (4 pages) is incomplete and might well 
have been omitted, as the examination of the one or two isolated examples 
mentioned would serve no useful purpose. 

The second part of the book is concerned with Helminthology, and finally 
the author gives a few suggestions for practical work on the life-cycles of one 
or two insects. E. H. 

Howarp, L. O., Dyar, H. G. and Knap, F. (1912). The Mosquitoes of North and 
Central America and the West Indies. Volume I. A general consideration of 
Mosquitoes, their habits, and their relations to the human species, 520 pp. 
14 pls. 6 text-figs. Issued by the Carnegie Institution of Washington. 
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Publication 159.- The Lord Baltimore Press, Baltimore, Md., U.S.A. 26 x 18 cm. 
Volume II contains 150 plates. 

The first copies of this monumental work were issued 21 Jan. 1913. The 
two volumes represent work commenced in 1903 with the aid of grants from 
the Carnegie Institution of Washington, and from the U.S. Dept. of Agriculture 
etc. ; a part of the expense was defrayed by two of the authors, Messrs Dyar 
and Knab. Many volunteers have however helped in the work of collecting 
material. A number of paid investigators were sent to different localities to 
collect specimens and make studies upon the biology of various species of 
mosquitoes. The authors themselves travelled extensively for the purposes of 
the investigation and Dr Howard went to Vienna to examine the Wiedermann 
and Winthem types. 

The authors condemn the genus Stegomyia, the familiar S. fasciata disappears 
in favour of Aédes calopus. The so-called Anopheles maculipennis (of America) 
is now A, guadrimaculatus and A. occidentalis. Culex fatigans or C. cubensis 
becomes C. guinquefasciatus etc. The authors give a great deal of valuable new 
information on bionornics. 

Following upon an historical introduction the anatomy of mosquitoes in all 
stages is described, then follow details regarding their biology, enemies, 
methods of collecting mosquitoes, their relation to disease, remedies against 
mosquitoes with examples of mosquito control in different parts of the world. 
Whilst quoting extensively from different authors, due credit is given to others 
for the work they have done. The bibliography occupies 37 pages and a very 
full index concludes the volume. 

Volume II includes the plates of which there are no less than 150. Of these 
39 illustrate the external male genitalia (270 figs.); 1 the wings, 43 the larva 
seen in toto, 58 details in the structure of larvae, the remaining plates illus- 
trating a few of the eggs and pupae of different species. The illustrations of 
the larvae are exceptionally beautiful, they were executed by one of the authors, 
Dr F. Knab, a fact which we did not find mentioned in the text. Altogether 
we have before us a most excellent publication upon which the authors are to 
be congratulated most heartily. N. 

Ross, H. C., Cropper, J. W., Ross, E. H. and others (iv. 1913). Researches into 
Induced Cell-reproduction and Cancer and other papers. Vol. III. (The John 
Howard McFadden Researches.) London : John Murray, Albemarle Street, W. 
149 pp., 17 coloured plates, 8 figs. 23x14 cm. Price 5/- net. Cloth. 

This volume consists of a collection of papers including such diverse 
subjects as ‘The Problem of the Gasworks Pitch Industries and Cancer,” 
“Protozoal Parasites found in Syphilis,” and the cultivation of trypanosomes. 
Many of the articles have been previously published elsewhere. 

The descriptions of parasites seem to be based mainly on the appearances 
presented by films prepared by the so-called “jelly method,” whilst, in the case 
of those papers dealing with malignant growths, the theory of auxetics is called 
in to explain their origin. The descriptions of the life-cycles of the Lympho- 
cytozoa are of a highly speculative character and very unconvincing, and before 
accepting the theories advanced by the authors independent confirmation is 
much to be desired. 
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The plates illustrating the book are of very unequal merit, some of the 
photographs being utterly worthless (e.g. Pls. III, IV, X); but most of the 
coloured figures are well reproduced. £. H. 

SMALLWwoop, W. M. (1913). A Text-book of Biology. London: Baillitre, Tindall & 
Cox, 8, Henrietta Street, Covent Garden. 285 pp., 13 pls. and 243 illustra- 
tions. 24x16cem. Cloth. 

The author of this book is Professor of Comparative Anatomy in Syracuse 
University and has charge of the Department of Forest Zoology in the New 
York State College of Forestry at Syracuse. Professor Smallwood therefore 
writes with the authority of an investigator and teacher familiar with the 
wants of the student. His plan of study for the commencing student is based 
upon the historical development of biological science which is briefly outlined 
in the preface. Chapters I—IX deal with the organism as a whole, the 
structure and functions of the organs, tissues and cells. Chapters X and XI 
deal with the biology of cells, of bacteria, yeasts and moulds, and Chapters 
XII—XVIII with Vermes, Arthropods, plants, biological adaptation, biological 
factors in disease, evolution, variation and heredity, animal behaviour and its 
relation to mind. A Glossary and Index conclude the volume. The illustra- 
tions are mostly borrowed but good judgment has been used in their selection. 
The book presents an excellent appearance and should well serve the purpose 
for which it is destined by the author. N. 


REPORTS. 


Further Report on the Isle of Wight Bee Disease (Microsporidiosis) (vit. 1913). 
Suppl. Journ. Board of Agriculture (Suppl. No. 10), 47 pp. Price 4d. 

Monteomery, R. E. (1913). Annual Report of the Veterinary Pathological Labora- 
tory, Nairobi, 1911-1912. (Department of Agriculture, B. E. Africa.) London: 
Waterlow & Sons, London Wall. 26 pp. 


REPRINTS. 


AWERINZEW, S. (8. 1. 1913). Ergebnisse der Untersuchungen iiber parasitische 
Protozven der tropischen Region Afrikas. Zoologischer Anzeiger, Bd. x11, 
pp. 186-188, 4 figs. 

Carpano, M. (1913). Su di Piroplasma tipo “parvum” (genere Theileria) riscon- 
trato nella gazzella in Eritrea. Nota di priorita. Za Clinica Veterinaria, 
Milano, 6 pp. 

W., Hartocn, O., M. and W. (1913). Ueber 
neue Prinzipien und neue Priparate fiir die Therapie der Trypanosomeninfek- 
tionen. (Chemotherapeutische Experimentalstudien.) Deutsche med. Wochenschr. 
No. 18, 11 pp. 

War Dept., Office of the Surgeon General Bulletin No. 1 (1913). Photomicrographs 
of Spirochaetae, Entamebae, Plasmodia, Trypanosomes, Leishmania, Negri 
Bodies, and Parasitic Helminths. Washington : Government Printing Office. 
17 pls. 46 pp. 

Excellent photomicrographs, mostly by W. M. Gray, with text by Messrs 
Craig, Nichols and Russell. 
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Wenyon, C. M. Experimental Amoebic Dysentery and Liver-Abscess in Cats. 
Journ. London Sch. Trop. Med., Vol. 11, pp. 27-34. 

Wenyon, C. M. (1913). Experiments on the Behaviour of Leishmania and allied 
Flagellates in Bugs and Fleas, with some Remarks on Previous Work. Journ. 
London Sch. Trop. Med., Vol. 11, pp. 13-26. 

ZirMANN, H. (1913). Beitrag zur Lehre von tropischen Gewebsentziindungen 
infolge von Filarien-Infektion. Archiv d. Schiffs- u. Tropen-Hygiene, Bd. xvi, 
27 pp. 

ZiEMANN, H. (1913). Ueber die Kultur der Malariaparasiten und der Piroplasmen 
(Piroplasma canis) in vitro. Archiv f. Schiffs- u. Tropen-Hygiene, Bd. xvi, pp. 
361-392, pls. 6 and 7. 
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INDEX OF AUTHORS 


Batrour, A. A Sarcocyst of a Gazelle (G. rufifrons) showing Differentia- 
tion of Spores by Vital Staining. (With Plates VIII and IX) 

BisHorp, F. C. and Woop, H. P. The Biology of some North American 
Ticks of the Genus Dermacentor. (With Plates X to XII, and 1 Map) . 

Brappon, W. L. Some peculiar and probably specific bodies in the erythro- 
cytes in rinderpest and another allied disease. With some observations 
on the specimens by Col. Sir Wm. Leishman and Prof. E. A. Minchin. 

Cockiy, R. P. Ankylostomiasis in 

Conuirre, N. The Variability of Rhipicephalus (Gerstiicker, 1873), 
together with its Geographical Distribution. (With 6 Text-figures) 
CunurFE, N. Rhipicephalus sanguineus: Variation in Size and Structure 

due to Nutrition. (With 4 Text-figures) ‘ ‘ 

Cunuirre, N. Observations on Argas brumpti Neumann 1907. (With 

CUNLIFFE, see HINDLE. 

Davipson, see ROBINSON. 

Hapwen, S. On “Tick Paralysis” in sheep and man following bites of 
Dermacentor venustus. (With Plates XXI and XXII) ‘ 

Hapwey, S. and G. H. F. “tick in the 
dog . 

Hinpig, E. Cumuurre, N. Regeneration in Arg persion, (with 4 

HINDLE, see NUTTALL. 

Jounson, J.C. Observations on mammalian erythrocytes ’ 

Lewin, K. R. The nuclear structure and sporulation of horinginn bene 
Strickland. (With Plate XVIII and 8 Text-figures) ; , 

MERRIMAN, see STRICKLAND. 

Nicott, W. Recent Progress in our Knowledge of Parasitic Worms. A 
Paper read at the British Association for the Advancement of Science. 
Annual Meeting, 1912, Section D.—Zoology ’ 

NicoLt, W. Trematode Parasites from Food-fishes of the North Sen. (With 
Plate XIII) “* 

Nicott, W. The Trematode enaiien of North Quien’. L (With Plates 
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430 Index of Authors 


Nvrraut, G. H. F. Observations on British Rat-Fleas. en 
1911 . 

G. H. F. Note on in Ticks. (With Plate VII) . 

Norra, G. H. F. Observations on the Biology of Ixodidae. Part 1. Deal- 
ing with: Jvodes putus (Pickard-Cambridge, 1876) Neumann, 1899. 
2. Ixodes canisuga Johnston, 1849. 3. Ixodes hexagonus Leach, 1815. 
4. Ixodes ricinus (Linnaeus, 1758), Latreille, 1804. 5. Haemaphysalis 
leachi (Audouin, 1827) Neumann, 1897. 6. Haemaphysalis punctata 
Canestrini and Fanzago, 1877. 7. Hyalomma aegyptium (Linnaeus, 
1758), Koch, 1844. 8. Rhipicephalus appendiculatus Neumann, 1908. 

Nurrau., G. H. F. Notes on Ticks. UI. On four new Species of Ixodes. 

Nutra, G. H. F. 3 in Ticks. (Preliminary Note) 

G. H. F. Rhipicephalus appendiculatus: Variation in Size and 
Structure due to Nutrition. (With 4 Text-figures) . 

Nutratt, G. H. F. The Herter Lectures. III. Piroplasmosis. (With 14 
Text-figures) 

Nurtatt, G. H. F. and E. the 
of East Coast Fever . 

Nurratt, G. H. F. and STRICKLAND, C. ‘Report on Rat-Fleas in Consbridige- 
shire . 

NUTTALL, see Hawn. 

Rosinson, L. E. and Davipson, J. The Anatomy of Argas persicus (Oken 
1818). Part I. (With Plates I to VI and 2 Text-figures) 

Rosrinson, L. E. and Davinson, J. The Anatomy of Argas persicus (Oken 
1818). Part II. (With Plates XIV—XVII and 8 Text-figures) 

Rosrnson, L. E. and Davipson, J. The Anatomy of Argas persicus (Oken 
1818). Part III. (With Plates XXV—XXVIII and 8 Text-figures) 

Suipiey, A. E. Pseudo-Parasitism . ; 

STRICKLAND, C, and Merriman, G. I. Report on Rat-Fleas in Suffolk and 

STRICKLAND, see NUTTALL. 

WarsurtTon, C. On four new Species and two new Varieties of the Ixodid 
Genus Haemaphysalis. (With 8 Text-figures) . 

Woon, see BisHorp. 

Yosuiwa, 8. O.  Tri-radiate Taenta crassicollis Rud. (With Plate XX) 
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University of Chicago Press 


THE MECHANISTIC CONCEPTION OF LIFE. _ Biological Essays by 
Jacques Lozs, Head of the Department of Experimental Biology, Rockefeller 
Institute for Medical Research. 


238 pages, 12mo, cloth; 6s. net. 


The achievements of Professor Jacques Loeb in the field of experimental 
biology have made him so widely known as to ensure any book of his a large 
circle of readers. His experimental work at the universities of Chicago and 
California, as well as in his present position, gives this volume an especial 
significance. 

Tn this his latest work Professor Loeb presents many of the current problems 
in biology, and discusses the question whether the phenomena of life can be ex- 
plained by physical and chemical laws. He finds it possible to control by physical 
or chemical means not merely the processes of reproduction, but also the conduct 
of animals with reference to environment. 


‘*The profession, as well as everyone interested in biology, will thank the author and the 
publishers for collecting these essays and placing them before the reading public.”—The New 
York Medical Journal 


‘*All eager to know more of the origin of life will find no modern book of its size nearly so 
instructive or inspiring.”—Johns Hopkins Hospital Bulletin 


The publications of the University of Chicago Press, a full catalogue of which will 
be sent on application, are sold in the United Kingdom and the British Colonies by 
THE CAMBRIDGE UNIVERSITY PRESS, Fetter Lane, London, E.C. 
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INVESTIGATIONS IN INDIA 


ISSUED BY THE ADVISORY COMMITTEE APPOINTED BY THE SECRETARY 
OF STATE FOR INDIA, THE ROYAL SOCIETY AND THE LISTER 
INSTITUTE. 

CONTENTS 


LXIV. The influence of cultivation in serum-containing media upon the virulence and 
immunising properties of the plague bacillus. By S. Rowland. (With Plate 
XVI) 

LXV. The influence of the medium in which the plague bacillus is propagated upon the 
facility with which it is ingested by human leucocytes. By R. St John Brooks 

LXVI. The morphology of the plague bacillus. By 8. Rowland. (With Plates XVII-XXIII) 

LXVII. Observations on the mechanism of the transmission of plague by fleas. By A. W. 
Bacot and C. J. Martin. (With Plates XXIV-XXVI and 4 Text-figures) 

LXVIII. Influence of the medium in which B. pestis is propagated upon its virulence. By 
8. Rowland 

LXIX. A study of the bionomics of the common rat fleas and other species associated with 
human habitations, with special reference to the influence of temperature and 
humidity at various periods of the life history of the insect. By A. W. Bacot. 
(With Plates XXVII-XXXIV, 12 Charts and 3 Text-figures) 

LXX. On the survival of bacteria in the alimentary canal of fleas during metamorphosis 
from larva to adult. By A. W. Bacot 

LXXI._ The effect of the vapours of various insecticides upon fleas (Ceratophyllus fasciatus 
and Xenopsylla cheopis) at each stage in their life history and upon the bed bug 
(Cimex lectularius) in its larval stage. By A. W. Bacot. (With 1 Text-figure) 


The new series of Plague Supplements now being issued are, in 
‘pagination, completely independent of the Journal, although subscribers 
to the latter will receive copies without extra cost. The price to non- 
subscribers is 7s. net each, parts I and IT; 10s. net, part III. 
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THe CAMBRIDGE BULLETIN will in 


future be arranged in three parts: 


I. An éllustrated descriptive account 
of recent books. 


II. A classified list of a// books pub- 
lished since the last issue of the 
Bulletin. 


III. Announcements of forthcoming 
books. 


Copies of the Bulletin will be regularly 
sent, post free, to any address on applica- 
tion to Mr C. F. Clay, Cambridge Univer- 
sity Press, Fetter Lane, E.C. 


int 
| 
| 
| 
| 
| 
| 
| 
| 
| 
> | 
“4 


THE CAMBRIDGE BULLETIN 


No, xxx October 1913 


Collected Literary Essays. Classical and Modern. By A. W. Verrall, 
Litt.D., King Edward VII ny ge of English Literature and Fellow 
of Trinity College, Cambridge, Hon. Litt.D. Dublin. Edited by M. A. 
Bayfield, M.A., and F. D. Duff, M.A. 


Demy 8vo. pp. cxiv+292. With a memoir and a portrait. Price ros. 6d. net 


mae Studies in Greek and Latin Scholarship. By the same author and 
editors. 
Demy 8vo. pp. viili+372. Price 10s. 6d. net 


Not the least interesting portion of the first of the above volumes 
is the Memoir, in which the following 
passages illustrate two of Verrall’s char- 
acteristics—his Liberalism and his love 
of nonsense: ‘And such a Liberal was 
Verrall, as he himself used to say. 
Miss Jane Harrison tells a confirmatory 
story :— 

I remember saying to him apropos of some 
scholar from whom I differed, ‘It is intolerable 
that people should be allowed to go on talking 
and teaching such nonsense!’ He screwed up 
a whimsical eye at me and said, ‘ All right, 
let’s have back the Inquisition.’....”’ 

“ But the joy of joys was his manner 
of reciting humorous verse or pure non- 
sense, and to find (if it was your first 
experience of him in this vein) that he 
took as intimate a delight in it as you 
did yourself. ‘Tragedy!’ he once 
said to me suddenly in the early days ; The late Dr Verrall 
‘Did you ever hear this?’ And he 
proceeded to chant slowly, in rolling, melancholy tones, a once famous 
song of Toole’s (metre strictly dactylic)— 

‘A norrible tale I ’ave to tell 
Of the sad di-sasters that befell 
A noble family as once re-sided 
In the very same thoroughfare as I did.’” 

The Literary Essays include amongst others: The Feast of Saturn, 
A Villa at Tivoli, The Birth of Virgil, Aristophanes on Tennyson, The Prose 
of Walter Scott, and “Diana of the Crossways.” Of the two last-named 
The Times says that “they are not only the best essays in the collection, 
which is saying much, but they are also, beyond comparison, the best 
essays on their subjects.” 


I I--2 


| 
| 
i 
| 
q 
| 
4 
i 
J 
| 
=> 


GREEK SCYTHIA 


Scythians and Greeks. 4 survey of ancient history and archaeology on the 
north coast of the Euxine from the Danube to the Caucasus. By Ellis H. 
Minns, M.A., Fellow of Pembroke College, Cambridge, Member of the 
Imperial Russian Archaeological Society. 

Royal 4to. Buckram, gilt top. pp. xl+720. With 9 maps and plans, 
g coin plates, and 355 illustrations in the text. Price £3. 3s. net 

This book offers a summary of what is known as to the archaeology, 
ethnology and history of the region between the Carpathians and the 
Caucasus. The region is of varied importance for different branches 
of knowledge touching the ancient world, yet about it the scholars of 
Western Europe have had a certain difficulty in obtaining recent information, 
because each found it unprofitable 
to master Russian for the sake of 
pursuing his subject into an out- 
lying corner. The language diffi- 
culty, therefore, first suggested this 
work, and the author’s original 
intention was merely to supply a 
key to what has been written by 
Russian scholars. But such a 
fragmentary account of things 
would have been most unsatis- 
factory, and enough advance has 
been made since the last attempt 
to review the subject, to justify a 
provisional summary. 

Though the geographical limits 
have confessedly been dictated by 
considerations of language, yet 
the frontier of Russia towards 
the Carpathians and the Danube 
answers nearly to a real historico- — Fig. 58. Chmyréva Mogila. Golden 
geographical boundary, the western harness adornment. }. 
limit of the true steppe. The 
Caucasus, again, is a world in itself, having little in common with the steppe, 
nor has the time yet come to bring any sort of system into its archaeology. 
On the other hand, the unity of the Asiatic and European steppe has led 
the author on occasion right across to Siberia, Turkestan and China. 

“The book,” to quote the words of The Athenaeum, “is in itself 
a library on Greek Scythia and we trust it will receive full recognition 
both at home and abroad. The author’s knowledge of Russian and his 
intimacy with the sites he describes bring him constantly nearer to his 
sources than most writers can hope to penetrate. For all these reasons 
we commend his work both to the learned world and to educated men 
of the world.” 
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ROMAN BOROUGHS—LATIN onan UNCI ATION | 


The Municipalities of the Roman Empire. By ames 8. Reid, Litt.D., 
Fellow of Gonville and Caius College, Cambridge, Professor of Ancient 
History in the University of Cambridge, Hon. Litt.D. (Dublin), Hon. 
LL.D. (St Andrews). 


Demy 8vo. pp. xvit+548. Price 12s. net 


The volume is the outcome of a course of lectures given in the 
university of London and afterwards in America, and surveys the Roman 
empire in its character of a vast federation of commonwealths, emphasising 
the historical significance of the great movement of civilisation whereby 
for loose rural and tribal unions was substituted a civic system, and the 
importance in the annals of the Roman empire of the growth and decline 
of the towns. The book is planned as a survey of the empire, province 
by province, so as to shew how the Roman rulers influenced the develop- 
ment and decay of the municipal system in each. 

“Our survey,” says the author in Chapter xv, “has shewn us abundantly 
that something of the dignity of sovereignty hung round the ancient city 
down to a late age, and that this colours ancient municipal institutions and 
differentiates them profoundly from their present-day counterparts...... The 
inhabitants of the territory of each municipality were in a way a little 
nation, whose affections were mainly centred in the town where its public 
affairs were carried on, its festivals celebrated, and its gods revered. Every 
man aspired to have a domicile within the walls if he could, and all those 
who performed public functions were compelled to reside there or within 
a thousand paces, as a rule....... It was this association of the burgesses 
en masse that constituted for the ordinary man the chief element in 
well-being. ‘The life within the home counted for infinitely less, the 
life without the home for infinitely more than in modern times.” 

“ An important contribution to the history of the Roman Empire from a point of 
view novel to the ordinary student ; at the same time it makes alluring reading, by 
reason both of the freshness and lucid arrangement of the subject-matter, and of the 
picturesque style in which the story is told.” —Athenaeum 


Quantity and Accent in the Pronunciation of Latin. By F. W. Westaway. 


Crown 8vo. pp. xvit+111. Price 3s. net 


In the Preface the author makes a spirited attack upon “the remnant 
of the old school” which still clings to its “ dull’sy dome’um (dulcé dimum) 
and its “ nice-eye pry- us” (nisi prius) and addresses his book not to school- 
masters but (1) to private students who desire to learn to pronounce and to 
read Latin correctly, and (2) to those who feel that their acquired pronun- 
ciation needs overhauling. 
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FOUNDATION OF THE WESTERN EMPIRE 


The Cambridge Medieval History. Planned by . B. Bury, M.A., Regius 
Professor of Modern History. Edited by H. M. Gwatkin, M.A., and 
F. P. Whitney, B.D. Volume II, The Rise of the Saracens and the 
Foundation of the Western Empire. 


Royal 8vo. pp. xxiv+8g90. With a portfolio of maps. 
Price 205. net; to subscribers 155. net 


This volume covers the stormy period of about three hundred years 
from Justinian to Charles the Great inclusive. It is a time little known 
to the general reader, and even students of history in this country seldom 
turn their attention to any part of it but the conversion of the English. 
Hence, English books are scarce—Dr Hodgkin’s Italy and her Invaders is 
the brilliant exception which proves the rule—and the editors have had 
to rely more on foreign scholars than in the former volume. Some, indeed, 
of the chapters treat of subjects on which very little has ever been written 
in English, such as the Visigoths in Spain, the organisation of Imperial 
Italy and Africa, the Saracen invasions of Sicily and Italy and the early 
history and expansion of the Slavs. 


The contents are as follows: 


Fustinian. The Imperial Restoration in the West (Professor C. Diehl). 
Fustinian’s Government in the East (Professor C. Diehl). Roman Law (Dr 
H. J. Roby). Gaul under the Merovingian Franks. Narrative of Events 
(Professor C. Pfister). Gaul under the Merovingian Franks. Institutions 
(Professor C. Pfister). Spain under the Visigoths (Dr Rafael Altamira). 
Italy under the Lombards (Dr L. M. Hartmann). Imperial Italy and 
Africa: Administration (Dr L. M. Hartmann). Gregory the Great (the 
Ven. Archd. W. H. Hutton). The Successors of Fustinian (N. H. Baynes). 
Mahomet and Islam (Professor A. A. Bevan). The Expansion of the Saracens. 
The East (Professor C. H. Becker). The Expansion of the Saracens. Africa 
and Europe (Professor C. H. Becker). The Successors of Heraclius to 717 
(E. W. Brooks). The Expansion of the Slavs (T. Peisker). Keltic 
Heathenism in Gaul (Professor Camille Jullian). Keltic Heathenism in 
the British Isles (Professor Sir Edward Anwyl). Germanic Heathenism 
(Miss B. Phillpotts). Conversion of the Kelts. Roman Britain. Ireland. 
Scotland (the Rev. F. E. Warren). Conversion of the Teutons. The 
English. Germany (the Rev. Professor J. P. Whitney). England (to 
c. 800) and English Institutions (W. J. Corbett, M.A.). The Carlovingian 
Revolution, and Frankish Intervention in Italy (Professor G. L. Burr). 
Conquests and Imperial Coronation of Charles the Great (Dr G. Seeliger). 
Foundations of Society (Origins of Feudalism) (Dr P. Vinogradoff). Legislation 
and Administration of Charles the Great (Dr G. Seeliger). The Papacy, to 
Charles the Great (the Rev. F. J. Foakes-Jackson). 
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THE EASTERN QUESTION—ANCIENT WESSEX 


The Ottoman Empire, 1801—1913. By William Miller, M.A. (Oxon), 
Hon, LL.D. in the National University of Greece, Corresponding Member 
of the Historical and Ethnological Society of Greece, author of The Latins 
in the Levant. 


Crown 8vo. pp. xvi+548. With 4 maps. Price 7s. 6d. net 


The latest volume in The Cambridge Historical Series “could not,” 
says The Westminster Gazette, “have been published at a more opportune 
moment.” It has been based wherever possible upon original docu- 
ments, and traces the history of the Near East from the beginning of the 
Nineteenth Century to the outbreak of the Balkan War and the Balkan 
Conference at London in March 1913; its scope may be seen from the 
following list of contents: 

The Ottoman Empire at the Dawn of the Nineteenth Century. 
Napoleon in the Near East (1801-15). The Servian Risings (1804-17). 
The Preface of Greek Independence (1815-21). The War of Greek 
Independence (1821-9). The Creation of the Greek Kingdom (1829-33). 
The Balkan and Syrian Difficulties of Turkey (1822-45). Greece under 
the Bavarian Autocracy (1833-43). The Greek and Ionian Constitutions 
(1843-53). The Crimean War (1853-6). The Union of the Danubian 
Principalities (1856-62). The Cession of the Ionian Islands (1862-4). 
Reforms and their Results: The Lebanon and Crete (1856-69). The 
Roumanian and Servian Questions (1862-75). The Bulgarian Exarchate 
(1870-5). The Balkan Crisis of 1875-8. The Union of the Two 
Bulgarias (1878-87). Armenia, Crete, and Macedonia (1887-1908). 
The Turkish Revolution (1908-12). The Balkan League (October 
1912—March 1913). Table of Rulers. Bibliography. Index. 

Lord Cromer, writing in The Spectator, declares that “ Mr Miller has 
performed a most useful service in affording a guide by the aid of which 
the historical student can find his way through the labyrinthine maze of 
Balkan politics.” 


Early Wars of Wessex. Being Studies from England’s School of Arms in 
the West. By Albany F. Major, Author of Sagas and Songs of the 
Norsemen, etc. Edited by the late Chas. W. Whistler, M.R.C.S., 
Author of A Thane of Wessex, King Alfred’s Viking, etc. 


Demy 8vo. pp. xvi+238. With 21 maps and plans. . Price 1os. 6d. net 


A series of studies in the history of the pre-Norman period from the 
foundation of the kingdom of Wessex in 495 to the campaign of 876-8. 
Their distinguishing feature is that, while dealing only with the warfare 
that took place in a comparatively limited area between Saxon and Briton 
and Saxon and Dane, they show, nevertheless, that these “ battles of the 
kites and crows,” as Milton contemptuously. called them, had a far-reaching 
influence on the future of England. 
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ANCIENT AND MODERN CHRISTIANITY—LATIN HYMNS 


Paganism and Christianity in Egypt. By Philip David Scott-Moncrieff, 
M.A. Cantab. 


Crown 8vo. pp. x+226. With a frontispiece. Price 6s. net 


This little work was produced by a scholar whose sudden death in . 
February 1911, before he had completed his twenty-ninth year, came as 
a painful surprise to his many friends. He approached his subject from . 
the Egyptian point of view, he had a first-hand knowledge of the ancient 
Egyptian religion, and as an archaeologist he was able to form his own 
estimate of the bearing of the archaeological upon, the purely literary 
evidence, and in several cases to use his data in a novel way. 

After a sketch of the condition of the old Egyptian religion at the 
close of the Ptolemaic era, the beginnings of Christianity in Egypt are 
discussed, and by fresh evidence from the papyri and the early Christian 
tombs fresh light is thrown upon an obscure chapter of Church history, 

“In the 200 pages of this small book,” says The Scotsman, “there will be 
found more fresh matter than in many a bulky volume;.it will be received 
as a valuable contribution to the study of the beginnings of Christianity in 
the land of the Pharaohs.” 


The Interregnum. Twelve essays on religious doubt. By R. A. P. Hill, 
B.A., M.D. 


Crown 8vo. pp. xv+149. Price 35. 6d. net 


The title of the book indicates “that stage in a man’s mental 
development when the old beliefs and sanctions of childhood are lost 
and he has not yet had time to form new views of his own,” and the 
essays, written from the point of view of a man in such a condition, 
endeavour to show first that it is a natural, right and reasonable thing for 
a man who is striving to know the good, to sympathise with Christians 
as a Christian during the interregnum, even though the balance of 
evidence may seem to him to be against Christianity ; and secondly that 
rival systems have their difficulties and objections no less than Christianity, 
and that the strength and weakness of materialistic theories can only be 
realised by minds that are truly open and thought that is truly free. 
Further, the author shows that there is reasonable ground for thinking that 
Christianity is true from the purely speculative standpoint. 


Early Latin Hymnaries. An Index of Hymns in Hymnaries before 1100. 
With an appendix from later sources. By Fames Mearns, M.A. 


Demy 8vo. pp. xx+108. With frontispiece. Price 5s. net 


This index provides a convenient book of reference for those interested 
in early Latin hymns and givesa fair idea of those actually used in Europe 
before 1100. 
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THE LITURGY—TWIN-CULTS—THE SONG OF SONGS 


The Early History of the Litargy. By 7}. H. Srawley, D.D., Rector of 
Weeting, Norfolk, sometime Tutor of Selwyn College, Cambridge. 


Small crown 8vo. pp. xx+252. Price 6s. net 


In this volume of The Cambridge Liturgical Handbooks the word 
“ Liturgy” is used to denote “the order of service employed in the central 
rite of the Christian Church, the Eucharist”; and Dr Srawley, after tracing 
its history in the Apostolic and sub-Apostolic Ages, in Egypt and Alex- 
andria, in Palestine and Syria, in the churches of Asia and Northern Africa, 
in North Italy and Rome, treats in his last two chapters of the development 
of the Liturgy and the early conceptions of the Eucharist which its history 
illustrates. 


Boanerges. By Rendel Harris. 


Demy 8vo. pp. xxiv+424. Price 155. net 


In this volume, in which the researches embodied in The Dioscuri in’ 


Christian Legends (1903) and The Cult of the Heavenly Twins (1906) are 
continued, the author shows the antiquity and wide diffusion of T'win-cults 
and traces their modification from the primitive form which demands the 
murder of the mother and children to the milder forms which lead to the 
establishment of twin sanctuary towns. 

It is made clear that these twin-cults have made a deep mark upon 
ancient and modern religions, and that they affect the legendary sides of 
the Old and New Testaments as well as the mythologies of Greece 
and Rome. 


The Song of Songs. Fdited as a dramatic poem, with introduction, revised 
translation, and excursuses by William Walter Cannon. 


Demy 8vo. pp. vilit158. Price 7s. 6d. net 


The author’s aim has been to write a book for those general readers 
who would like to have some knowledge of the subject and hardly know 
where to look for it. He wishes his readers not only to understand the 
Song but to enjoy it as ‘the best Song of all.” 

“It is not often that one meets with so completely delightful and satis- 
factory a work as Mr Cannon’s study of ‘The Song of Songs.’...Mr Cannon 
gives us a full and impartial explanation of the traditional theory, according 
to which the poem describes the progress of the mutual affection, and the 
subsequent marriage, of Solomon’ and the Shulamite; and also of the Syrian 
Wedding theory, which has recently won the support of very eminent 
scholars. According to his own view, the Song is a dramatic poem, not 
intended, however, to be acted on the stage....Mr Cannon’s book is a most 
beautiful study of a poem of consummate charm.”—/Vestminster Gazette 
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THE LERINS—SION COLLEGE 


The History of the Islands of the Lerins. The Monastery, Saints, and 
Theologians of 8. Honorat. By A. C. Cooper-Marsdin, D.D., Honorary 
Canon of Rochester. j 

Demy 8vo. pp. viit+336. With 15 illustrations. Price ros. 6d. net 


This work follows on the author’s Life of Caesarius, Bishop of Arles, 
and, as an account of the leaders of Christian thought in the fifth and 
sixth centuries who were trained in the monastery of S. Honorat, fills a 


The Cell of ‘‘The Man with the Iron Mask”’ 


gap in English theological literature. After reviewing the islands themselves, 
the lives of S. Vincent and S. Patrick, and the foundation of the monastery, 
the author treats of the monastery as a “ Nursery of Bishops,” and in an 
appendix deals with Ancient Buildings, Treasures and Monuments. 


Sion College and Library. By E. H. Pearce, M.A., Canon of Westminster, 
a Trustee of Sion Hospital, and formerly President of Sion College. 


Demy 8vo. pp. viiit374. With 4 illustrations. Price gs. net 


“Perhaps those who will take most pleasure in Canon Pearce’s book will be 
such as have themselves walked about Sion....But this well-written volume is one as 
well for the general reader with historical or antiquarian tastes. Even, dipped into here 
and there in a spare hour, it will be found to yield much treasure to inform the mind, 
to stir the imagination with curious, incisive pictures of bygone days and manners, and 
sometimes to evoke a hearty laugh....Yet let it not be supposed for a moment that this 
is other than a sound and exhaustive history of its subject.” —Guardian 


8 


Le 


ENGLISH LITERATURE 


The Cambridge History of English Literature. Edited by Sir A. W. Ward, 
Litt.D., F.B.A., Master of Peterhouse, and A. R. Waller, M.A., 
Peterhouse. Volume X, The Age of Fobnson. 


Royal 8vo. pp. xvit+562. Price in buckram, gs. net, in half-morocco, 
15s..net; to subscribers 7s. 6d. net and 125. 6d. net respectively 
As was hinted by the editors in the Prefatory Note to volume IX, 
the canvas of English literature grows more and more crowded as the 
eighteenth century approaches. ‘The present volume is entitled The Age 
of Fobnson, and the contents are as follows : 


Richardson (L. Cazamian). Fielding and Smollett (Harold Child). 
Sterne, and the Novel of his Times (Professor C. E. Vaughan). The Drama 
and the Stage (Professor G. Nettleton). Thomson and Natural Description 
in Poetry (A. Hamilton Thompson). Gray (The late Rev. Duncan C. 
Tovey). Young, Collins and Lesser Poets of the Age of ‘fohnson (Professor 
George Saintsbury). <fFohnson and Boswell (David Nichol Smith). Odiver 
Goldsmith (Henry Austin Dobson). The Literary Influence of the Middle 
Ages (Professor W. P. Ker). Letter-Writers, I (H. B. Wheatley) ; 
II, The Warwickshire Coterie (The Ven. Archdeacon W. H. Hutton). 
Historians, 1, Hume and Modern Historians (The Rev. William Hunt, 
D.Litt.) ; IJ, Gibbon (Sir A. W. Ward). Philosophers (Professor W. R. 
Sorley). Divines (The Ven. Archdeacon W. H. Hutton). The Literature 
of Dissent, 1660-1760 (William Arthur Shaw). Political Literature, 
1755-1775 (C. W. Previté-Orton). 

“The essay on Gray is a masterpiece of analysis and criticism....Mr David Nichol 
Smith admirably condenses many opinions of the ‘Great Cham’ when he says that he 
had ‘a supreme talent for definition.” A better choice of critic for Oliver Goldsmith 
than Dr Austin Dobson could not have been found; while the essay on Gibbon by 
Sir A. W. Ward is notable alike as a study of character and as an assessment of the 
intrinsic value and wide influence of the ‘Decline and Fall.’...The nation has good 
reason to be proud of the plan and progress of The Cambridge History of English 
Literature.” —Manchester Courier 


es of Victorian Literature. By Hugh Walker, LL.D., and Mrs Hugh 
alker. 
Large crown 8vo. pp. viii+224. Price 3s. net 


Based upon Dr Walker’s larger volume. ‘The same general plan has 
been followed, but the scale reduced and care taken to write as simply as 
possible ; above all, an attempt has been made to present the authors of 
the period not merely as writers but as men. The six chapters of the 
book are entitled Carlyle and the Systematic Thinkers, Poetry, Novels and 
Novelists, The Historians, Biography and Criticism, The Fragments that 
Remain. The Outlook recommends it to “all who are about-to take up 
for the first time the serious study of the literature of a truly notable 
epoch.” 
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THE RED SEA—THE GALLA TONGUE 


Desert and Water Gardens of the Red Sea. Being an account of the natives 
and the shore formations of the coast. By Cyril Crossland, M.A. Cantab., 
B.Sc. Lond., F.L.S., F.Z.8., Marine Biologist to the Sudan Government. 


Demy 8vo. . Xvi+158. With 91 maps and illustrations and 
y PP 5 P 
: 12 diagrams. Price ros. 6d. net 


The portion of the Red Sea coast described in this book (that between 
18° N. and 22° N. on the western side) is, says the author, one of the least 
known coast-lines in the world. The country is a desert with a sparse 
population of nomads; no steamer passes 
within miles of the outermost reefs: and 
native vessels sail by at the rate of about 
one a month. 

The fact, moreover, that the country 
is only artificially made habitable at all adds 
interest to the author’s narrative in which 
information of general interest, as well as a 
description of things and peoples peculiar 
to the country, is included. 

Part I deals with the coast and its 
people, social and religious conditions, 
fishermen and pearl divers; Part II with 
corals and coral animals, the building of 

- : reefs, and the making of the Red Sea. 
Arabian Sword Dance In a postscript to his preface the 
author finds that his book has a moral, 
a thing never intended! “It is that real romance and beauty are to be 
found in things as they are, so that the man of science, popularly supposed 
to be hardened by ‘materialistic’ pursuits, has opportunities for a truer 
worship than has the sentimentalist who bows before idols of his own 


imagination.” 


A Galla-English English-Galla Dictionary. Collected and Compiled by 
E. C. Foot, F.R.G.S. Published with the aid and approval of H.M. 
Foreign Office. 

Demy 8vo. pp. viiit118. Price 65. net 


“The Galla,” says the compiler in his Preface, “are a very numerous 
people. They are found in Abyssinia from Harrar on the east to the Sudan 
frontier on the west and from Wollo down to the southern frontier.” 


Sir John Harrington, for twelve years H.M. Minister in Abyssinia, 
declares that “a book of this nature has been a long-felt want in the in- 
terest of travellers and others to facilitate direct dealings with the Gallas. 
It should be of service not only in Abyssinia but also on her frontiers 


with the Sudan, Uganda and East Africa.” 
10 
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THE CHINA-TIBET FRONTIER 


The Land of the Blue Poppy. Travels of a naturalist in Eastern Tibet. 
By F. Kingdon Ward, B.A., F.R.G.S. 


Royal 8vo. pp. xii+284. With 40 plates from photographs by the 
author and 5 maps. Price 12s. net 

A son of the late Professor H. Marshall Ward, to whose memory 
the book is dedicated, the author 
explains the raison détre of the 
volume in his first paragraph : 

“ On my return from Western 
China in September 1910, I settled 
down to humdrum life with every 
prospect of becoming a quiet and 
respectable citizen of Shanghai. 
But...travel had bitten too deeply 
into my soul and...when after 
months of civilized life something 
better turned up, I accepted with 
alacrity. This was none other 
than the chance of plant-collecting 
on the Tibetan border of Yun-nan.” 

The results of this expedition 
are recorded in the book and a 
preliminary list of 200 plants col- 
lected (several of them being new 
species) is given in an appendix ; 
but Mr Ward studied men and 
manners as well as plants. Here 
is part of his description of a 
Tibetan festival : 

“The Tibetans always strike 
me as being so much more jolly 
and irresponsible than the Chinese. 
The children picked bunches of 
flowers just as English children 


ove to do, romped, made swings, ; 
and swung each other and finally ; 
sat down to eat cakes....In the ‘ 
evening they all trooped back to 
the village to dance in the mule 
square and skip. Three or four ~ 
little girls would link arms and A Tibetan girl of A-tun-tsi 


facing another similar line of girls 
advance and retreat by turns, two steps and a kick, singing a not 
unmusical chorus—a most delightful parody of ‘Here we go gathering 


nuts and may’. 
II 
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MAPS AND SURVEY—MADRAS 


Maps and Survey. By A. R. Hinks, M.A., F.R.S., Assistant Secretary to the 
Royal Geographical Society, Gresham Professor of Astronomy. 


Demy 8vo. pp. xvit+206. With 24 plates. Price 6s. net 


This introduction to the study of maps and the processes of survey by 
which they are made has been written to supply the need of a book giving 
a general account of the many-sided art of survey, which his experience as 
a teacher in the department of geography in the university of Cambridge 
has shown to exist. The treatment of the topographical and geodetic 
survey follows closely the methods employed by the Ordnance Survey, 
the Survey of India, and the School of Military Engineering at Chatham. 
The general scope of the book may be seen from the 0 ag, list 
of chapters: Maps—Map Analysis—Route Traversing—-Simple Land 
Survey—Compass and Plane Table Sketching—Topographical Survey— 
Geodetic Survey—Survey Instruments. 

“Without being a technical treatise m surveying, this book deals with the subject 
in sufficient detail to put any map-maker on the track of the methods best suited to his 
purpose...though short and compact it is a book evidently based on a thorough know- 
ledge of the subject and should interest a wide circle of students of geography.” — 

Scotsman 


The Madras Presidency, with Mysore, Coorg, and the associated states. 
By Edgar Thurston, C.1.E., sometime Superintendent of the Madras 
Government Museum. 


Large crown 8vo. pp. xii+294. With 1oo maps and illustrations. 


The first volume of the Provincial Geographies of India (see p. 32) deals 
with the Presidency of Madras in its physical, ethnological, archaeological, 
historical and industrial aspects. . 


In his Preface the General Editor, Sir T. H. Holland, says: “Among 
the ‘provinces’ the Madras Presidency has above all developed an in- 
dividuality of its own—advanced in education through early missionary 
effort, free of frontier worries, comparatively homogeneous in ethnic 
composition, and sufficiently unknown to the Central Government to 
escape undue interference, its officials and its people are distinctly 
‘ Madrassi,’ and are rightly proud to be so. No geographical unit could 
more appropriately be selected to initiate this series, and everyone who 
knows the Senior Presidency will recognise the pre-eminent fitness of 
Mr Edgar Thurston to give a true picture of South India. As Superin- 
tendent of the Madras Museum, he sampled every form of natural product 
in the South. As Superintendent of the Ethnographic Survey he obtained 
an intimate acquaintance with the people.” 
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RUBBER AND RUBBER PLANTING 


Rubber and Rubber Planting. By R. H. Lock, Sc.D., Inspector H.M. 


Board of Agriculture and Fisheries, sometime Assistant Director of Botanic 
Gardens, Ceylon. 


Crown 8vo. pp. xiii+245. With 10 plates and 18 text-figures. 
Price 5s. net 


“Nowadays,” says Dr Lock in his Preface, “rubber enters so intimately 
into the daily life of almost everyone, that there will probably be few to 
whom the romance of rubber entirely fails to make an appeal.” 

To make the book suitable to as wide a circle of readers as possible the 
author has aimed at combining an accurate account of the scientific side of 


Hevea Rubber and Tea 


rubber planting with a certain amount of practical information for the 
benefit of the prospective planter. 

The chapter-headings are as follows: The History of the Use and 
Cultivation of Rubber, The Botanical Sources of Rubber, The Physiology 
of Latex Production, Tapping Experiments, Hevea Planting Operations, 
Harvesting Operations, Factory Work on the Estate, The Pests and 
Diseases of Hevea, The Cultivation of Species other than Hevea Brasi- 
a The Chemistry of India~-Rubber, The Manufacture of Rubber 
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FLIES AND THE PUBLIC HEALTH 


Fites in relation to Disease. Non-Bloodsucking Flies. By G. 8. Graham- 
Smith, M.D., University Lecturer in Hygiene, Cambridge. 


Demy 8vo. pp. xiv+292. With 24 plates and 32 text-figures, 
Price 1os. 6d. net 


The first volume in The Cambridge Public Health Series deals with 
a subject which has hitherto received too little attention. 

“The work done up to the present” he says “has been mainly of a 
preliminary character. It has, however, established certain very important 
facts; that many of the non-biting flies found in houses walk over and feed 
on decaying substances and 
excreta of all kinds, and that 
that occasionally disease-pro- 
ducing bacteria may be pre- G 
sent in these excreta; that & 
flies can carry bacteria on © 
their limbs and bodies for 
several hours, and internally 
for several days; that for 
some days they can infect 
substances, including human 
food materials, over which 
they walk or defaecate, and 
on which they feed; and ; 
that their habits are such Photograph (side view) of an unfed 
that they constantly infect fly (x7) 
food with the bacteria they 
carry. Further, the epidemiological evidence suggests that, when suitable 
conditions prevail, flies may be highly important factors in the spread or 
certain infectious diseases... 

In this book an attempt has been made to collect the most important 
and reliable information available on the subject, and to arrange it in such 
a manner that all who are interested in its various aspects may be able to 
ascertain the present extent of our knowledge. 

In order to meet the requirements of various classes of readers, those 
portions of the book which are devoted to’ matters of general interest and 
importance are printed in large type, and in them, as far as practicable, the 
use of technical terms has been avoided. ‘The details of bacteriological 
experiments and technical descriptions ot important insects have been 
printed in smaller type, for the convenience of medical officers, bacterio- 
logists and entomologists.” 
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PROJECTIVE GEOMETRY—BUILDING CONSTRUCTION 


The Principles af Projective Geometry Applied to the Straight Line and 
Conic. By F. L. 8. Hatton, M.A., Principal of the East London 


College (University of London). 
Royal 8vo. pp. x+366. Price tos. 6d. net 


The book aims at giving a pupil who has already mastered the portions 
of Euclid usually read, most of the pure geometry required for an honours 
degree at Oxford, Cambridge, London, or Manchester. The subject has 
been considered primarily from the projective point of view, but consider- 
able trouble has been taken to deduce the more important metrical pro- 
perties of conics from the projective theorems with which they are 
related, 

In these days, when the analytical method seems to hold the field in 
mathematics, the author hopes that the book may encourage the student 
to pay due attention to the methods of pure geometry, ten years’ experience 
as examiner in the university of London having shewn him the value of a 
mastery of the principles of pure geometry. 


“The student whose tastes lie in the direction of pure geometry will find here a 
mass of excellent material upon which he can exercise his faculties.” —School World 


Architectural and Building Construction Plates. Part 1. Thirty drawings 


covering an elementary course for architectural and building students. 


By W. R. Faggard, A.RAB.A. 


Size 20”x 13”. Price 6s. net in portfolio, or in 6 separate parts, 1s. 3d. net each 


These drawings, which form the first volume of The Cambridge Technical 
Series (see p. 30), were prepared by the author as a basis for a series of 
Lectures upon Building Construction, and are intended to cover an ele- 
mentary course of instruction in that subject. The examples have been 
carefully chosen from work actually carried out under the direction of the 
author, and will form a progressive series of drawings adapted to the 
requirements of architectural and building students just entering upon their 
professional studies. 

In some cases, the plates will form a ready source of reference, both for 
architect and builder, upon items of construction not readily found in 
text books. 

For teachers of building construction the plates, supplemented by 
models, carefully made from the data given, will be found most useful 
in imparting knowledge of what is, admittedly, a difficult subject. 


The drawings illustrate Brickwork, Excavating, Masonry, Carpentry, 
Joinery, Roof Coverings, Plumbing, and Standard Steel and Iron Sections. 
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THEORIES OF EDUCATION 


The Little Schools of Port-Royal. By H. C. Barnard, M.A., B. Litt., 
Sometime senior Hulme Scholar of Brasenose College, Oxford. 


Demy 8vo. pp. x+264. .With 4 illustrations. Price 7s. 6d. net 


In his Introduction the author claims that the educational work of 
the Port-Royalists is worthy of study, both for its own sake and for the 
importance of its subsequent influence in France and elsewhere. At the 
same time it is true to say that the doctrines and practice of the Little 
Schools are but little known not only in this country but even in France 
itself. ‘The reason is not far to seek. Port-Royal’s chief importance has 
been theological and literary and the value of the Port-Royalists’ con- 
tribution to education has been very generally overlooked. Moreover the 
treatises in which their educational theories are expounded are, for the 
most part, rare and not easily accessible ; again, these details are, to some 
extent, scattered throughout “ Mémoires” and histories and letters where it 
is not easy to find them and where they are often intermingled with ex- 
traneous matter of every kind. But, for all this, a sympathetic study of 
the methods used in the Little Schools cannot fail to be a source of 
inspiration to teachers of the present day. 


Vives: On Education. A translation of the De Tradendis Disciplinis of 
Fuan Luis Vives together with an introduction by Foster Watson, D. Lit., 
Professor of Education in the University College of Wales, Aberystwyth. 
Crown 8vo. pp. clviii+328. With a portrait of Vives. Price 55. net 


This is the first English translation of Vives’ main educational work 
and though Professor Watson admits that the most likely answer to the 
question “Was Vives a greater thinker on educational matters than 
Erasmus?” would be “We never heard of Vives and we are perfectly 
familiar with the importance of Erasmus,” he claims at the same time that 
“there is a prima facie case for enquiry, whether Vives in his desire for the 
social good, and all questions bearing upon that standpoint, has not treated 
the subject of education so fruitfully as to be emphatically the greatest 
European educational leader of the first half of the sixteenth century.” 

“Tt is a book,” says The Athenaeum, “that should be read by every 
teacher, if only to show how old are most of the modern suggestions for 
the improvement of education.” 


Steps towards Educational eg Some practical suggestions for improving 
our national system. By C. W. Bailey, M.A., Headmaster, Holt 
Secondary School, Liverpool. 


Crown 8vo. pp. viii+112. Paper boards. Price 15. net 
Aims at showing how mistaken is the view that State organisation and 
subsidy can be a panacea for all educational ills, that there is a distinct 


danger in increasing bureaucratic control and that the chief need is more 
light and life in the schools themselves. 
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Complete List 
of 
Books published since 15 April 1913 


THEOLOGY 


The Book of the Prophet Jeremiah together with The Lamentations. Re- 
vised Version. Edited, with introduction and notes, by A. W. Streane, 
D.D. Fcap. 8v0. pp. liv + 382. With 3 maps. Price 3. net. 

In The Cambridge Bible for Schools series. Large additions and modifications have been 
made embodying the results of theological research during the 32 years which have 
elapsed since the publication of the first edition. 


The Gospel according to St Luke. The Greek Text. Edited, with intro- 
duction and notes, for the use of schools, by W. F. Burnside, M.A., 
Headmaster of St Edmund’s School, Canterbury. Fcap. 8vo. pp. xxxvi 
+272. With 2 maps. Price 35. net. 

A companion volume to Sir Arthur Hort’s S¢ Mark. The notes are as brief as 
possible and those upon grammar and language are in a strictly subgrdinate position, 
though striking differences between classical and Hellenistic Greek are marked. The 
meaning of the Gospel is drawn out in such a way as to appeal to those who have 
made sufficient progress to read the New Testament in Greek. 


Scripture Teaching in Secondary Schools: a Report of a Conference held 
t Oxford 22-23 April 1913. Second Year. Edited by H. Cradock- 


Watson, M.A. Crown 8vo. pp. vititg4. Price 1s. 6d. net. 


Contains papers read by Canon Scott Holland, Dr A. C. Headlam, H. Cradock- 
Watson, the Headmaster of Harrow, Canon Masterman, Principal Selbie, Professor Peake, 
H. S. Wood, N. P. Wood, together with a bibliography which, it is hoped, will be 
found serviceable by busy schoolmasters and others. 


The Fourfold Gospel: Section I, Introduction. By Edwin A. Abbott, D.D. 
- Demy 8vo. pp. xvit+178. Price 25. 6d. net. (Diatessarica. Part X. 
Section I.) 

This volume, utilising the results of the previous volumes of the series in the 
elucidation of Gospel words, aims at the elucidation of Gospel thoughts, and after 
discussing the order of the four Gospels, treats of the order and arrangement of the 
subject-matter in each of them. The author lays special stress on the value of St John 
as a historical document. 


Miscellanea Evangelica (I). By the same author. Demy 8vo. pp. 
xlit+ 100. Price 25s. net. 


The Song of Songs. Edited by W.W. Cannon. See p. 7. 
Early Latin Hymnaries. By }. Mearns, M.A. See p. 6. 
Boanerges. By Rendel Harris. See p. 7. 
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THEOLOGY—GREEK 


Paganism and Christianity in Egypt. By P. D. Scott-Moncrieff; M.A. 


See p. 6. 
The Suton of the Islands of the Lerins. By A. C. Cooper-Marsdin, D.D. 
ee p. 8. ; 
The Early History of the Liturgy. By F. H. Srawley, D.D. See p. 7. 
The Interregnum. By R. A. P. Hill, B.A., M.D. See p. 6. 


GREEK 


Theocritus, Bion and Moschus. Translated into English Verse by A. 8. Way, 
D.Lit. Feap. 4to. pp. +158. Price 5s. net. 
“The talent and sympathetic insight of Dr Way have enabled him to produce a 
translation of these three classics which, taken all round, surpasses every previous 
attempt to render their spirit into English verse.”—English Review 


Salamis. In easy Attic Greek. With introduction, notes, and vocabulary, 
by G. M. Edwards, M.A., Fellow of Sidney Sussex College, Cambridge. 
With a map and 3 illustrations. pp. xvi+ 78. Price 1s. 6d. 

In the series of Cambridge Elementary Classics. The text of Herodotus has been 
much shortened and simplified and is intended for students in their second year of 
Greek reading. ‘The re-written text is mainly Attic; but a few Ionic touches have 
been retained for their literary value ; and there is abundance of useful idiom. 


A Short Syntax of New Testament Greek. Second edition. By Rev. 
H. P. V. Nunn, M.A., St Fobn’s College, Cambridge, sometime lecturer 
at St Aidan’s College, Birkenhead. Crown 8vo. pp. xii +172. Price 
2s. 6d. net. 


A Selection of Illustrative Passages to the Syntax of New Testament 
Greek, by Rev. H. P. V. Nunn, M.A. Feap. 8vo. 28 pp. Paper 


covers. Price 6d. net. 


A supplement to 4 Short Syntax of New Testament Greek and incorporated as an 
Appendix in the second edition of that work. 


A Greek Vocabulary for the use of schools. By T. Nicklin, M.A., 
Assistant Master at Rossall School. Extra fcap. 8vo. pp. xti + 104. 
Price 25. 6d. net. 


This vocabulary is constructed on quite original lines for the special benefit of young 
students of Greek and consists of four lists : 
(1) A main vocabulary of 1300 words, each of which oceurs more than 
20 times in Euripides and Thucydides combined ; in this list the 
300 commonest words are specially indicated. 
(z) 270 words found more than 15 times in the Gospels and Acts. 
(3) 150 words from the Anabasis, not included in (1). 


ig (4) 400 common words from Demosthenes, not included in (1). 
ee The total vocabulary thus contains about 2000 words. 
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LATIN—ENGLISH LITERATURE 


LATIN 


Quantity and Accent in the Pronunciation of Latin. By F. WV. Westaway. 
See p. 3. 
An Elementary Latin Grammar. By Arthur Sloman, M.A., late Head- 
master of Birkenhead School. Crown 8vo. pp. xii+170. Price 2s. 6d. 
Follows in the main the recommendations of the Joint Committee on Grammatical 
Terminology and gives all the Grammar necessary for students from the senior forms 
of Preparatory Schools up to the usual standard of entrance examinations at Oxford, 
Cambridge and other universities. 


Prima Legenda: First Year Latin Lessons. By Ff. Whyte, M.A., Classical 
Mistress, Blackheath High School for Girls. Fcap. 8v0. pp. viii + 64. 
Price 1s. 4d. 

Provides material for a year’s work for pupils beginning Latin at the age of «1 or 
12, and, according to a reviewer in Education, is a “splendid first year’s course’ which 
“will make the study of Latin a delight.” 

The exercises, Latin-English and English-Latin, are in the form of simple stories. 
The grammar includes the declension of nouns and adjectives, and the indicative mood 
of the first four conjugations of verbs. In the appendix are some simple Latin versions 
of nursery rhymes, and at the end of the book a complete Latin-English vocabulary. 


Czsar. Gallic War. Book I. Edited, with introduction, notes and voca- 
bulary, by E. 8. Shuckburgh, Litt.D. Feap. pp. xxxii+152. With 
21 illustrations, 3 plans and a map. Price 1s. 6d. 


A new edition of which the chief features are the marking of vowels long by nature 
in the text and the inclusion of illustrations taken from authentic sources. 


ENGLISH LITERATURE 


The Cambridge History of English Literature. Edited by Sir A. WV. Ward, 
Litt.D., and A. R. Waller, M.A. Vol. X. The Age of Fohnson. 
See p. 9. 

Collected Literary Essays, Classical and Modern. By A. W. Verrall, 
Litt.D. See p. 1. 


Outlines of Victorian Literature. By Hugh Walker, LL.D., and Mrs Hugh 
Walker. See p. 9. 


Edmund Burke. Thoughts on the cause of the present discontents. 
Edited by W. Murison, M.A., Senior English Master, Aberdeen Gram- 
mar School. Feap. 8vo. pp. xxxviti+164. Price 2s. 6d. Pitt Press 
Series. 

The Introduction includes a brief sketch of Burke’s life, a resumé of public affairs 
(1760-70), a critical discussion of The Present Discontents, an appendix containing 
Goldsmith’s epitaph and the Middlesex petition (1769) and a chronological table ; the 
Notes are preceded by an analysis of the argument, and a summary of the pamphlet. 
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ENGLISH LITERATURE—FRENCH 


Alexander Pope. Essay on Man. Edited with introduction, analysis of 
the poem, and notes, by A. Hamilton Thompson, M.A., F.S.A. Feap. 
8vo. pp. x/+88. With a portrait. Price 2s. Pitt Press Series. 


Intended to supply the student with a readable text of one of the chief masterpieces 
of 18th century poetry and with a short commentary and notes, which may serve to 
elucidate the poem without becoming a formidable addition to it. 


Byron. Childe Harold’s Pilgrimage. Edited by A. Hamilton Thompson, 
M.A., F.S.A. With portrait, introduction, notes and summary. Fcap. 
8v0. pp. xxii +286. Price 2s. 6d. Pitt Press Series. 


Intended to supply a commentary upon the numerous historical, literary and 
topographical allusions in the poem. Explanations of the more involved passages are 
given where necessary, and quotations from classical and foreign writers, in cases where 
they throw light on the text, are translated in the notes. 


The Granta Shakespeare. Edited by F. H. Lobban, M.A. 
The Merchant of Venice. 15. 
A Midsummer-Night’s Dream. 1s. ; 


Each volume has a frontispiece, introduction, notes and glossaries. 


Henry Fielding. Journal of a Voyage to Lisbon. Edited, with intro- 
duction and notes, by F. H. Lobban, M.A. Extra fap. 8v0. pp. xvi 
+116. Price 1s. 4d. 


In The English Literature for Schools series. The editor holds that by this Journal 
Fielding demonstrates his claim to stand beside Chaucer, Shakespeare and Scott, not 
only by right of genius, but by his serene courage and large-hearted humanity. 


FRENCH 


The Song of Roland. Translated into English Verse by A. 8. Way, D.Lit. 
Pott 4to. pp. xvit+144. Price 4s. net. 


Erckmann-Chatrian. Le Blocus. Chapters I—XIII. Edited, with intro- 
duction, notes and vocabulary, by A. R. Ropes, M.A. Feap. 8vo. pp. xvi 
+218. With map and plan. Price 1s. 6d. Pitt Press Series. 


An edition designed for the Local Examinations, 1914. 


Erchkmann-Chatrian. Le Blocus. [Edited, with introduction, notes**and 
vocabulary, by A. R. Ropes, M.A. With an appendix by Cloudesley 
Brereton. Feap. 8vo. pp. xvi+ 374. Map and plan. Price 2s. 
Pitt Press Series. 


A re-issue at a reduced price. . 


Erchmann-Chatrian. Madame Thérése. Ldited, with introduction, notes 
and vocabulary, by A. R. Ropes, M.A. Feap. 8vo. pp. xvi +280. 
Map. Price 3s. Pitt Press Series. 

A re-issue with Vocabulary. 
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GERMAN—MISCELLANEOUS PHILOLOGY 


GERMAN 


Schiller. Die Braut von Messina. Ldited, with introduction and notes, by 
Karl Breul, Litt.D., Ph.D., Schréder Professor of German in the Uni- 
versity of Cambridge. Feap. 8vo. pp. civ+279. Price 4s. Pitt Press 


Series. - 


“Professor Breul has performed his task with his wonted skill and conscientiousness. 
The introduction is particularly full, and the serious student will find its perusal stimu- 
lating and profitable. The notes are full and accurate. There can be no doubt that this 
will long remain the standard edition of ‘Die Braut von Messina’.”—School World 


Hacklander. Der iw, Adapted from Ein Schloss in den Ardennen. 
Edited by G. T. Ungoed, M.A. Large crown 8vo. pp. viii + 62. 
Price 2s. 


Designed for pupils who have completed their first course in German. The text is 
simple in vocabulary and will not require more than one term for study. The book 
includes phonetic transcriptions of short passages and of difficult words, a brief sketch 
of the author’s career, questions on the narrative, grammatical exercises and subjects 
for free composition ; it is primarily intended for use on the direct method. 


Deutsches Heft. A German Note-book. Arranged by W. E. Weber, M.A., 
sometime Modern Language Master at Blackheath School, Bridlington 
Grammar School, and Trinity College, Glenalmond. Feap. 4to. pp. viii 
+128. Price 1s. 6d. 


A companion volume to the French Note-book, Cahier Frangais de notes diverses by 
the same author. It is intended to help students, whether in class or self-taught, to 
compile their own grammar and vocabulary, collection of idioms, etc. in the course of 
their reading. The notes are methodically arranged with suggestive types heading 
each page, and there is a full index. 


MISCELLANEOUS PHILOLOGY 


Phonetic Spelling: 4 proposed Universal Alphabet for the rendering of 
English, French, German and all other forms of Speech. By Sir Harry 
Fohnston, G.C.M.G., K.C.B., Hon. Sc.D. (Cantab.). Crown 8vo. 
pp. vit92. Price 35. 6d. net. 


Intended to serve two purposes: (1) to set forth an ideal alphabet to be used for the 
transcription of all tongues about to adopt a phonetic system of spelling or being tran- 
scribed for the first time by missionaries and explorers ; (2) to explain how this alphabet 
may be applied to the rendering of English and other European tongues. 


“On our part,” says The Pioneer (the organ of the Simplified Speling Sosieti), “ we 
rejois in Sur Harry’z help in creaiting an enlietend public opinion, ever our cheef wurc. 
A shaic ov the hand tu aul hu ar triing tu maic a hiewai thru the Slou ov Despond.” 
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CLASSICAL LITERATURE—HISTORY 


Dictionary of the Hausa Language. By C. H. Robinson, D.D., sometime 
Lecturer in Hausa in the University of Cambridge, Honorary Canon of 
Ripon. Volume 1, Hausa-English. Third edition, revised and enlarged. 
Crown pp. xiv+426. Price 125. net. 

Contains about 4000 entries additional to those which appeared in the 2nd edition. 


A'Galla-English English-Galla Dictionary. By E. C. Fost. See p. to. 


CLASSICAL HISTORY AND LITERATURE 


Collected Studies in Greek and Latin Scholarship. By 4. W. Verrall, 
Litt.D. See p. 1. 


The Municipalities of the Roman Empire. By F. 8. Reid, Litt.D. See p. 3. 


Political Parties in Athens during the Peloponnesian War. By L. Whibley, 
M.A., Fellow of Pembroke College, Cambridge. Second edition. Crown 
Sve. pp. vitit+ 142. Price 35. 6d. net. 


A re-issue with a change of price. 


HISTORY 
Early Wars of Wessex. By Albany F. Major. See p. 5. 


The Cambridge Medieval History. Volume II, The Rise of the Saracens 
and the Foundation of the Western Empire. See p. 4. 


The Ottoman Empire, 1801—1913. By William Miller, M.A. See p. 5. 
Sion College and Library. By E. H. Pearce, M.A. See p. 8. 


Exercises and Problems in English History, 1485—1820. Chiefly from 
original sources. Compiled by W. F. R. Gibbs, B.A., Senior Assistant 
Master, West Suffolk County School. Crown 8vo. pp. vit+174. 
Price 2s. 6d. 


The aim of the book is to present a type of exercise based on original sources which 
does not necessarily demand an answer in the form of an essay and yet does not sacrifice 
the worth of the problem. Thus, a page and a half is quoted (Ex. 28) from More’s 
Utopia and the following questions appended : 

Examine carefully this extract and give a short summary of the results of the 
increase of sheep runs. , 
Why did the sheep runs increase ? 
Again a short extract from a proclamation (Ex. 66) is followed by the questions : 
Whose proclamation is this? Give reasons for your choice. What did the 
author intend to do and why? 


Great Britain and Ireland, 1485—1910. A history for lower forms. By 
F. E. Morris, D.Litt., Bedford Grammar School. Crown 8vo. pp. viti 
+300. With 45 illustrations and 15 maps and plans. Price 25. 


Reprinted from the complete work for the convenience of those teachers who prefer 
to make the division at 1485 rather than at 1603. 
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LAW—MANUALS—ARCHITECTURE—MATHEMATICS 


LAW 


Outlines of Criminal Law. Fifth Edition, Revised, embodying the Forgery 
Act, 1913. Based on Lectures delivered in the University of Cambridge. 
By Courtney Stanhope Kenny, LL.D., F.B.A., Downing Professor of the 
Laws of England. Demy 8vo. pp. xxx +536. Price 10s. 


Papers set in the Special Examination in Law in the University of 
Cambridge, 1907—1911. Crown 8vo. pp. iv+80. Price 2s. 6d. net. 


‘ 


CAMBRIDGE MANUALS 


Under the general editorship of P. Giles, Litt.D., and A. C. Seward, 
F.R.S. 15. net in cloth. 25. 6d. net in leather. 


VOLUMES 71—8o 


71. Natural Sources of Energy. By Prof. A. H. Gibson, D.Sc. 
72. The Fertility of the Soil. By E. F. Russell, D.Sc. 

73- The Life Story of Insects. By Prof. G. H. Carpenter 

74. The Flea. By Harold Russell 

75: Pearls. By Prof. W. fF. Dakin 


76. Naval Warfare. By F. R. Thursfield, M.A. With an Introduction 
by Rear-Admiral Sir Charles L. Ottley 


77- The Beautiful. By Vernon Lee 

78. The Peoples of India. By F. D. Anderson, M.A. 

79. The Evolution of New Japan. By Prof. F. H. Longford 

80. A Grammar of English Heraldry. By W. H. St F. Hope, Litt.D. 


ARCHITECTURE 


Architectural and Building Construction Plates. By W. R. Faggard. 
In The Cambridge Technical Series. See pp. 15 and 30. 


MATHEMATICS AND PHYSICS 


The Principles of Projective Geometry Applied to the Straight Line and 
Conic. By F. L. 8. Hatton, M.A. See p. 15. 


Elementary Algebra. By C. Godfrey, M.V.O., M.A., and A. W. Siddons, 
M.A. Large crown 8v0. Complete in one volume, with answers 45. 6d., 
without answers 4s. Or in two volumes at 2s. 6d. or 2s. each. Vol&l 
in two parts at 1s. and 2s. or 15. 6d. each. r 
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MATHEMATICS AND PHYSICS 


The Laws of Thermodynamics. By W. H. Macaulay, M.A., Fellow of 
King’s College, Cambridge. Demy 8vo. pp. viit+72. Paper covers. 
Price 3s. net. Cambridge Engineering Tracts No. 2. 

The aim of this tract is to provide a connected and accurate account of the funda- 
mental principles of thermodynamics, combined with a sketch of methods of applying 
the theory in special cases, to supplement technical books on the subject. 


Papers set in the Mathematical Tripos, Part I, in the University of 
Cambridge 1908—1912. Crown 8vo. pp.iv+70. Price 2s. 6d. net. 


Four-Figure Tables. By C. Godfrey, M.V.O.. M.A., and A. W. Siddons, 
M Demy 8vo. pp. 40. Limp cloth. Price gd. net. 


Problem Papers. Supplementary to Algebra for Secondary Schools. By 
Charles Davison, Sc.D., Mathematical Master at King Edward’s High 
School, Birmingham. Large crown 8vo. pp. 32. Paper covers. 
Price 84d. 


The Twisted Cubic, with some account of the metrical properties of the 
Cubical Hyperbola. By P. W. Wood, M.A., Fellow of Emmanuel 
College, Cambridge. Demy 8vo. pp. x +78. Paper covers. Price 
2s. 6d. net. Cambridge Tracts in Mathematics and Mathematical 
Physics No. 14. 


Modern Electrical Theory. Second Edition. By N. R. Campbell, Sc.D., 
Honorary Fellow for Research in Physics in the University of Leeds. 
Demy 8vo. pp. xti+400. Price gs. net. 


In The Cambridge Physical Series. The volume, though nominally a second edition, is 
really a new book. The great changes in our knowledge of Radiation effected in the 
last six years have made it necessary to treat entirely afresh those portions of the first 
edition which now form Part II. The Principle of Relativity and Stark’s work on 
atomic structure have altered Part III completely. Part I has been rewritten. 


Experimental Science. Part I, Physics. By 8. E. Brown, M.A., B.Sc., 
Headmaster of Liverpool Collegiate School, formerly Senior Science Master 
at Uppingham. Crown 8vo. pp. viti+272. Price 35. 6d. Also in 


4 sections, price 1s. each, 


A companion volume to that on Chemistry by the same author, already published 
at 2s., and described by The Schoolmaster as “one of the best school courses we have 

The volume on PAysics is divided into four sections: Measurement, Hydrostatics, 
Mechanics, and Heat, and is based throughout on practical experience. The two books 
(which can be purchased together, bound either in one or two volumes, for 55.) form 
a good preparation for the Junior Locals and the examinations of the Board of Edu- 
cation, the College of Preceptors and other bodies. 
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MEDICINE AND BIOLOGY 


Proceedings of the Fifth Intervatenal Congress of Mathematicians, 
Cambridge, 22—28 August 1912, Edited by the General Secretaries 
of the Congress: E. W. Hobson, and A. E. H. Love. Royal 8vo. 
Vol. I, pp. 500. Vol. Il, pp..658. Price 305. net the 2 vols. © 


MEDICINE AND BIOLOGY 


The British Rust Fungi (Uredinales). Their Biology and Classification. 
By W. B. Grove, M.A. Demy 8vo. pp. xii+ 412. With 290 figures. 
Price 145. net. 


The Uredinales form a group of Fungi which is also spoken of as the Uredinee or 
the Rusts. An accurate acquaintance with their nature is of great importance to the 
gardener, the forester, or the agriculturist, on account of the enormous loss which is 
caused by them every year and which can, at least in part, be avoided by a fuller 
knowledge. 


The State Provision of Sanatoriums. By S. V. Pearson, M.D. (Cantab.), 
M.R.C.P. (London). Demy 8vo. pp. viii +80. With 4 plans. Price 
35. net. 


“Dr Pearson’s book,” says Te Morning Post, “ will be of considerable value to all 
those numerous workers and administrators in whose hands the management of State 
sanatoriums lies, or will lie. He has dealt in a practical way with the very complicated 
questions involved. He gives an outline of what is being done in this country and in 
some others; he discusses methods of finance and control, and he examines the advan- 
tages of sanatorium treatment over domiciliary.” 


Embolism and Thrombosis of the Mesenteric Vessels. By L. B. C. 
Trotter, M.A., B.C. (Cantab.). Demy pp. xii+144. With 
5 text-figures and 2 plates. Price 8s. net. 


The subject of the book was suggested as suitable for an M.D. thesis by the 
occurrence of two cases at University College Hospital in 1g10 and further enquiry 
showed that there were a large number of cases to be found in hospital post-mortem 
records and elsewhere. 

ConTENTs :—Introduction—Original Cases—Classification of Mesenteric Vascular 
Occlusions from the standpoint of Morbid Anatomy—Morbid Anatomy—Experiments 
on Animals—Descriptive Anatomy— Symptomatology Diagnosis— Treatment — 
Conclusions—Bibliography—List of Cases. 


Tosco and its complications in Egypt. By A. F. MacCallan, M.D., 
F.R.C.S., Director of Ophthalmic Lrespitals, Egypt. Demy 8vo. pp. viii 
+74. Price 75. 6d. net. 

This book, which is dedicated to Lord Kitchener, is based upon the clinical material 
obtained at eight ophthalmic hospitals opened by the Egyptian Government since 1904, 
when the need for ophthalmic relief, after countless generations of suffering and disability 
amongst the people of Egypt, was first realized. In 1912 more than 28,000 patients 
attended and 21,000 operations were performed at the various hospitals. The four 
sections of the book deal with the History of Trachoma and its prevalence in Egypt, 
its Pathology, its Treatment, and its Diagnosis and general influence. 
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BIOLOGY—GEOGRAPHY AND TRAVEL 


Flies and Disease. Non-Bloodsucking Flies. By G. 8. Graham-Smith, 
M.D. 


The first volume in The Cambridge Public Health Series. See pp. 14 and 31. 


The Physician in English History. By Norman Moore, M.D., F.R.C.P., 
Honorary Fellow of St Catharine’s College. Crown 8vo. pp. iv+ 58. 


Price 2s. net. 
The Linacre Lecture, 1913, delivered at St John’s College. 


The Bacteriology of Diphtheria. By various authors. Edited by G. H. F.. 
Nuttall, Sc.D., F.R.S., and G. 8. Graham-Smith, M.D. Reissue, with 
Supplementary Bibliography. Royal 8vo. pp. xx +718. With 4 por- 
traits and 16 plates. 155. net. 

Rubber and Rubber Planting. By R. H. Lock, Sc.D. See p. 13. 

The Production and Utilisation of Scots Pine in Great Britain. Part 1. 
Production. No.1. Sample Plots at Woburn. By E. Russell Burdon, 
M.A. (Investigator in Timber), and A. P. Long, B.A., University 
Diplomas of Forestry and Agriculture (Assistant Investigator). Demy 
8vo. pp. 86. Paper covers. Price 1s. 6d. net. University of Cam- 
bridge School of Forestry Bulletin No. 1. 


Weeds. Simple lessons for children. By R. L. Praeger. With illustrations 
by 8. R. Praeger and R. ‘}. Welch. Large crown 8vo. pp. x + 108. 
With 45 text-figures and 3 plates. Price 1s. 6d. net. 


In The Cambridge Nature Study Series. “Agriculture,” says the author, “is an eternal 
war against weeds, and by neglect of cleaning his land the careless cultivator may lose 
one-fourth or in extreme cases even one-half of the yield which might be his. In order 
to fight weeds we must know how they grow and spread. All the lessons of elementary 
botany can be studied to full advantage among our common weeds.” 


GEOGRAPHY AND TRAVEL 


The Land of the Blue Poppy. By F. Kingdon Ward. See p. 11. 
Desert and Water Gardens of the Red Sea. By Cyril Crossland. See p. 10. 


The Madras Presidency. By E. Thurston. 
The first volume of The Indian Provincial Geographies. See pp. 12 and 32. 


Maps and Survey. By 4. R. Hinks, M.A., F.R.S. See p. 12. 


An Atlas of Commercial Geography. Compiled by Fawcett Allen, Assistant 
Map-Curator to the Royal Geographical Society. With an Introduction 
by D. A. Fones, Assistant Librarian to the Royal Geographical Society. 
Demy 4to. Containing 48 maps and an Index. Price 35. 6d. net. 

This work, containing a series of maps illustrating the facts of economic geography, 
falls into two broad divisions ; the first containing maps presenting facts on a world- 
scale, on which the teaching of principles may be based ; the second giving a consistent 
series of maps for each continent, sufficiently detailed to be of use for regional study. 
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GEOGRAPHY—ARCHAEOLOGY—EDUCATION 


A Geography of the British Empire. By W. L. Bunting, M.A., Head 
of the Geography Department, Royal Naval College, Osborne, and H. L. 
Collen, M.A., Assistant Master at the Royal Naval College, Osborne. 
With maps, diagrams and 29 illustrations. Price 3. 6d. 

This book is intended for the use of higher classes in Preparatory, and lower classes 
in Public Schools. Though the ground covered is limited, the authors have followed 

mainly the lines laid down at the Headmasters’ Conference of 1910. 


A Short Geography of Europe. By A. fF. Dicks, B.A., B.Sc. Large crown 
pp. vit 80. With 19 illustrations. Limp cloth. Price 10d. 


Reprinted from The Cambridge Intermediate Geography. 


Lincolnshire. By E. Mansel Sympson, M.A., M.D., F.8.A. Crown 8vo. 
pp. viti+194. With maps, diagrams, and illustrations. Price 1s. 6d. 
Cambridge County Geographies Series. 


ARCHAEOLOGY 
Scythians.and Greeks. By Ellis H. Minns, M.A. See p. 2. 


Place-Names of South-West Yorkshire, that is, so much of the West Riding 
as lies south of the Aire from Keighley onwards. By Armitage Goodall, 
M.A, late Scholar of Queens’ College, Cambridge. Demy 8vo. pp. viii 
+314. Price 7s. 6d. net. 

Of this new volume of The Cambridge Archaeological and Ethnological Series, the bulk 
consists of an alphabetical list of about 1500 names in which rivers have been included. 
This list is preceded by chapters on The Anglian Element, The Scandinavian Element, 
The Celtic Element and The Roman, Norman, and Modern Elements and additional notes 
are given on various special subjects such as the Field of Brunanburh. 


Kindred and Clan in the Middle Ages and After. 4 Study in the Sociology 
of the Teutonic Races. By B. 8. Phillpotts, M.A., Late Pfeiffer Student 
af Girton College, Cambridge; Fellow of the Royal Society of Northern 
Antiquaries, Copenhagen. Demy 8vo. pp. x +302. Price 10s. 6d. net. 


This volume of The Cambridge Archaeological and Ethnological Series aims at discover- 
ing how long the solidarity of the kindred survived as a social factor of importance in 
the various Teutonic countries. 


EDUCATION 
Vives: On Education. A translation by Foster Watson, D.Lit. See p. 16. 


The Little Schools of Port-Royal. By H.C. Barnard. See p. 16. 
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BIBLIOGRAPHY —CAMBRIDGE_ UNIVERSITY 


A Manual of School Hygiene. By E. W. Hope, M.D., DSc. ; E. A. 
Browne, F.R.C.S.E. ; and C. 8. Sherrington, M.D., F.R.S. Crown 
pp. xii+ 312. plans and illustrations. 


A new and revised edition in which six new chapters on Physiology specially written 
by Dr Sherrington are included. 


Steps towards Educational Reform. By C. W. Bailey, M.A. See p. 16. 


Scottish Education, School and University. From Early Times to 1908. 
By Fobn Kerr, M.A., LL.D., Trinity College, Cambridge ; formerly 
Senior Chief Inspector of Schools and Training Colleges in Scotland. Demy 
8v0. pp. xvit454. Price 4s. 6d. net. 


A reissue at a reduced price, with an Addendum 1908-1913. 


BIBLIOGRAPHY 


A Descriptive Catalogue of the Manuscripts in the a of St ow Ss 
College, Cambridge. By M. R. Fames, Litt.D F.S 
Provost of King’s College. Royal 8vo. pp. xx + 390. Pac 12s. a 


net. 


A Descriptive Catalogue of the Manuscripts in the Library of Corpus 
Christi College, Cambridge. By M. R. Fames, Litt.D., F.B.A., 
F.S.A., Provost of King’s College. Royal 8vo. Vol. I, pp. Ixxvi + 548. 
Vol. Il, pp. iv +552. Price 45s. net. 


CAMBRIDGE UNIVERSITY 


The Book of Matriculations and Degrees: a Catalogue of those who have 
been Matriculated or been admitted to any Degree in the University of 
Cambridge from 1544 to 1659. Compiled by ‘fohn Venn, Sc.D., Pre- 
sident of Gonville and Caius College, and ‘f. A. Venn, M.A., Trinity 
College. ‘Demy 8vo. pp. xxx +760. Price 455. net. 


Student’s Handbook to the University and Colleges of Cambridge. 
12th edition. Revised to Fune 30,1913. Crown 8v0. pp. vi + 690. 


Price 35. net. 


Cambridge Pocket Diary for the Academical Year 1913—1914, Bound 
in Roan, gilt edges, 1s. net ; in Persian calf, with pocket and pencil, 


2s. net; in Russia extra, with pocket and pencil, 2s. 6d. net. 


Cambridge Diary for the Academical Year 1913—1914. 53 sheets, 10 


by 8 inches, mounted on card, in block form, 7 days on each sheet. 15. net. 
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JOURNALS 


F¥OURNALS 


The Modern Language Review. Edited by F. G. Robertson, G. C. 
Macaulay, and H. Oelsner. ‘Vol. VIII, No. 3. Price 45, net. 


The Journal of Hygiene. Edited by G. H. F. Nuttall, F.R.S. Vol. XIII, 


os. 1 and 2. Price 7s. net each. 


Parasitology. Edited by G. H. F. Nuttall, F.R.S.. and A. E. Shipley, 
F.R.S., assisted by E. Hindle, Ph.D. Vol. VI, No. 2. Price 10s. net. 


The Journal of Genetics. Edited by W. Bateson, F.R.S., and R. C. 
Punnett, F.R.S. Vol. III, No. 1. Price 10s. net. 


Fhe Journal of Physiology. Edited by J. N. Langly, Sc.D. F.R.S. 
Vol. XLVI, No. 2, Price 5s. 6d. net, No. 3, Price 8s. net, Nos. 4 
and 5, Price 7s. net, No. 6, Price 6s. net. 


The Journal of Agricultural Science. Ldited by ej R. H. Biffen, 
A. D. Hall, F.R.S., and Prof. T. B. Wood. Vol. V, Part 3. Price 


55. net. 


The Biochemical Journal. mong et The Biochemical Society by WV. Bayliss, 
F.R.S., and Arthur Harden, F.R.S. Vol. VII, Nos. 3 and 4. Price 


75. net each, 


The Journal of Ecology. Edited for The British Ecological Society by 
Frank Cavers. Vol. I, Nos. 1, 2, and 3. Price §s. net each. 


The British Journal of Psychology. Edited by C. 8. Myers. Vol. VI, 
Part 1. Price 5s. net. 
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Announcements 


THE CAMBRIDGE PSYCHOLOGICAL LIBRARY 


Under the General Editorship of Dr C. S. Myers, University Lecturer 
in Experimental Psychology, who claims that “Psychology has by now 
attained the position of an independent discipline, with methods of study 
and themes of research of its own,” the Syndics will shortly issue a sertes 
of books dealing with the various subjects which come within the field of 
Psychology. The extent of this field may be gauged from the titles of the 
volumes given below. 

Psychology. By Prof. Fames Ward, Sc.D., F.B.A. [In the press 
The Nervous System. By Prof. C. 8. Sherrington, M.D., F.R.S. 


The Structure of the Nervous System and the Sense Organs. By Prof. 
G. Elliott Smith, M.D., F.R.S. | 


Prolegomena to Psychology. By Prof. G. Dawes Hicks, Litt.D. 
Psychology in Relation to Theory of Know.edge. By Prof. G. F. Stout. 
Mental Measurement. By W. Brown, D.Sc. 

The Psychology of Mental Differences. By C. Burt, M.A. 

Collective Psychology. By WV. McDougall, M.B., F.R.S. 

The Psychology of Personality and Suggestion. By T. W. Mitchell. 
The Psychology of Dreams. By T. H. Pear. 


THE CAMBRIDGE TECHNICAL SERIES 


Another new series recently undertaken by the Syndics is a technical 


_ series to be edited by Mr P. Axsorr, B.A., Head of the Mathematical 


Department, The Polytechnic, Regent Street, London. 

The present moment is an appropriate one for such a series; the 
abandonment by the Board of Education of many of its examinations, 
the general adoption of internal examinations and the development of the 
Group Course system are exerting a profound influence on the methods of 
Technical Education in this country. The Syndics propose, therefore, to 
introduce a series which will meet modern requirements and changed 
conditions, and will be up to date in every particular. All writers who 


30 


7 uf A 
if 
4 
| 
4 
| 


ANNOUNCEMENTS 


have been selected are men of wide experience in the work of Technical 
Institutions. Their books will, therefore, it is hoped, suit the needs ot 


students in these Institutions. 


The first volume to be published is a portfolio of Architectural and 


Building Construction Plates, by W. R. Jaggard, A.R.LB.A. (see p. 15), 
and the following is a list of further volumes in preparation: 


Automobile Engineering. By A. Graham Clark, M.1.4.E., A.MI1.Mech.E. 
Electro-Technical Measurements. By A. E. Moore, A.M.I1.E.E. 

Applied Mechanics. By Ewart 8. Andrews, B.Sc. 

Alternating Currents. By V.H.N. fames, A.R.C.Sc. (Lond.), 
Chemistry and Technology of Oils and Fats. By F. E. Weston, B.Sc. 
Paper, its Uses and Testing. By Sheldon Leicester. 

Mining Geology. By Prof. G. Knox. 

Textile Calculations—Materials, Yarns and Fabrics. By A. Mitchell Bell. 
Domestic Science. By C. IV. Hale. 

Business Methods. By Thomas Hart, junr., C.A. 

Electrical Engineering. By T. C. Baillie, M.A., D.Sc., A.MLE.E. 
Applied Mechanics and Heat Engines. By F. Boulden. 

Elements of Applied Optics. By V. R. Bower. 

Physics for Engineers. By 7}. P. Yorke. 

English Building Construction. By C. F. Innocent. 

Sculpture in relation to Architecture. By T. P. Bennett. 

Electric Installations. By C. W. Hill. 

Accounting. By F. B. Wardaugh. 

The Theory and Practice of Commerce. By }. C. Stephenson. 


THE CAMBRIDGE PUBLIC HEALTH SERIES 


Dr Graham-Smith’s own contribution to the series is now published 
(see p. 14), and of the other volumes the following{are in the press: 


The Bacteriological Analysis of Water, Sewage and Foods. By W.G. 


Savage, M.D. 


Isolation Hospitals. By H. F. Parsons, M.D. 
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ANNOUNCEMENTS 


PROVINCIAL GEOGRAPHIES OF INDIA 


Sir T. H. Holland, the general editor of this new series, writes in his 
preface to the volume on tw (see p. 12) as follows: 

“The casual visitor to India seldom realises the great local diversity of 
language and ethnology. ‘This local variety, however, receives expression 
even in the forms of administration; for the success of the British rule in 
India is largely due to the fact that the early administrators adopted the 
local systems of government and moulded them gradually according to the 
lessons of experience.... 

The recent enlargement of the functions of the Local Governments, 
and more complete management of local affairs, with the formation of 
Executive, and extension of the Legislative, Councils, all tend to direct 
more intensely the people’s thoughts to the affairs of their own provinces. 
It is hoped that these Provincial Geographies will in some way reflect this 
growing tendency to develop special provincial atmospheres, and with this 
object in view endeavours have been made to select as authors those who, 
besides having an accurate and detailed knowledge of each area treated, 
are able to give a broad view of its features with a personal touch that is 
beyond the power of the mere compiler.” 


Other volumes in preparation are: 


Bengal and Orissa. By L. 8. 8. O'Malley. 
The Punjab, N.W. Frontier Province, and Kashmir. By Sir F. McC. 


oule. 


THE CAMBRIDGE NAVAL AND MILITARY SERIES 


The nature and scope of this series have already been set forth in the 
last number of the Bulletin (xxix. p. 6). The first volumes to be issued 
will probably be: 


Ocean Transport and Shipping. By Douglas Owen, Lecturer at the Royal 
Naval War College. 


Naval and Military Essays read at the International Historical Congress 
held at London in April 1913. Edited by ‘fulian 8. Corbett, LL.M., 


and H. F. Edwards, C.B. 
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ANNOUNCEMENTS 


FORTHCOMING BOOKS 


The following books are also in the press and will shortly be ready : 


Lectures on Dryden. By the late A. W. Verrall, Litt.D. 


On the Art of Writing: Lectures delivered before the University of 
Cambridge, 1913. By Prof. Sir A. T. Quiller-Couch. 


The Literary Relations of England and Germany in the'17th Century. 
By Gilbert Waterhouse. 


A Primer of English Literature. By W. T. Young, M.A. 

A Handbook of Précis-Writing. By E. D. Evans, M.A. 

A Book of English Prose. 2 volumes. Edited by Percy Lubbock, M.A. 
A Collection of Poems for Junior Forms. Edited by Alys Rodgers. 


Greek Art in relation to Modern Sculpture. (Two lectures.) Wéith illus- 
trations. By Sir Charles Waldstein, Litt.D. 


Outlines of Ancient History. With maps and illustrations. By H. Mat- 
tingly, M.A. 


The ann of Henry V. Vol. I, 1413—1415. By F. H. Wylie, M.A., 
Litt, 


The Puritans in Power. By G. B. Tatham, M.A. 
Bartolus of Sassoferrato. By C. 8. N. Woolf, M.A. 


A Source Book of English History. Vol. Il, 1485—1815. Edited by 
A. D. Innes, M.A. 


The Parables of the Gospels. By L. E. Browne, M.A. 
Elements of New Testament Greek. By Rev. H. P. V. Nunn, M.A. 


The ~~ of am, 4 translation in the form of the original poem. By 


A National System of Education. By }. Howard Whitehouse, M.P. 


Educational School Gardening. By G. W. 8. Brewer. With an Intro- 
duction by the Rt Hon. Henry Hobhouse. 


Genera of British Plants. By H. G. Carter, M.B., Cx.B. 
Merionethshire. By A. Morris. 
Northumberland. By 8. R. Haselburst. 
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Now ready. Demy 8vo. Price 10s. 6d. net. 
pp. xiv+292.. With 24 Plates, 2 Tables and 32 Text-figures 
FLIES IN RELATION TO 
DISEASE | 
NON-BLOODSUCKING FLIES 


by 
G. GRAHAM-SMITH, M.D. 


“The subject of this volume is of the utmost importance to the welfare of the community.... 
Dr Graham-Smith has succeeded in gathering the available information on this subject, and 


- has marshalled his facts with skill and care. He has described these insect vermin with full 


entomological detail and ample pathological reference....By these studies entomology is retrieved 
from the limited glory of the cabinet-drawer, and made a subject for human welfare. The book 
includes an excellent bibliography and a good index.’’—Athenaeum 

This is the first volume issued in the Cambridge Public Health 
Series, which is under the editorship of G. S. Granam-SmituH, M.D., and 
J. E. Purvis, M.A. The books to be included in the Series will present 
in a useful and handy form the knowledge now available in many branches 
of the subject. They will be written by experts, and the authors are 
occupied, or have been occupied, either in investigations connected with 
the various themes or in their application and administration. A list of 
the volumes arranged for will be sent on application. 


TICKS 


A Monograph of the Ixodoidea 


By GEORGE H. F. NUTTALL, M.D. ScD. F.RS., CECIL 
WARBURTON, M.A., F.Z.S., W. F. COOPER, B.A., F.Z.S8., F.LS. 
and L. E. ROBINSON, A.R.C.Sc. (London) 


Ready shortly. PART III. THE GENUS HAEMAPHYSALIS 


‘ PART I. THE ARGASIDAE. 5s. net 
Previously 


published PART II. THE IXODIDAE. 12s. net 


BIBLIOGRAPHY OF THE IXODOIDEA. 6s. net 


This work deals with the Classification, Structure and Biology of Ticks, 
the study of the group having occupied the authors for several years. 
Practically all that has been published on the subject has received adequate 
consideration. The book, which is fully illustrated by numerous text-figures 
and plates, is issued in parts, which are complete in themselves. The 
complete Bibliography to the work appears as a separate Fasciculus. 


CAMBRIDGE UNIVERSITY PRESS, FETTER LANE, LONDON 
C. F, CLAY, Manager 


H. K. LEWIS’S PUBLICATIONS 


JUST PUBLISHED. THIRD EDITION. , NOW_ READY. FOURTH EDITION. 


With 4 Plates and 106 other Illustrations, 
containing 513 Figures. Post 8vo, 6s. 6d. 
net ; post free, 6s. 10d., abroad, 7s. 4d. 


PRACTICAL BACTERIOLOGY, BLOOD 
WORK AND ANIMAL PARASITOLOGY, 
including Bacteriological Keys, Zoological 
Tables, and Explanatory Clinical notes. 
By E. R. Srirt, A.B., Ph.G., M.D., Surgeon 
to U.S. Navy; Graduate London School 
of Tropical Medicine, &c. 


Thoroughly Revised, 10 Plates (4 coloured), 
and many illustrations. Demy 8vo, 7s. 6d. 
net; post free, 7s. 10d., abroad, 8s. 2d. 


CLINICAL BACTERIOLOGY AND HAMA- 
TOLOGY FOR PRACTITIONERS. 

By W. D’Este Emery, M.D., B.Sc. Lond., 
Director of the Laboratories and Lecturer 
on Pathology and Bacteriology, King’s 
College Hospital, &c. 

[Lewis’s Practical Series 
“It is a most useful book and cannot fail to 
be of value to a practitioner.””—The Lancet 


Complete Stock of Text Books and Recent Works. Large Stock of Second-hand Books. 


H. K. LEWIS, Medical 
6 


Publisher and Bookseller 
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CONTENTS 


(All rights reserved) 


NICOLL, WILLIAM. The Trematode Parasites of North Queens- 
land. I. (With Plates XXIII and XXIV) 


SuHipLey, A. E. Pseudo-parasitism 


HINDLE, EDWARD and CUNLIFFE, NoRMAN. Regeneration in 
Argas persicus. (With 4 Text-figures) 


CUNLIFFE, NorMAN. Lhipicephalus sanguineus: Variation in 
Size and Structure due to Nutrition. (With 4 Text-figures) 


CUNLIFFE, NoRMAN. Observations on Argas brumpti, Neumann, 
1907. (With 1 Text-figure) 


Ropinson, L. E. and Davipson, J. The Anatomy of Argas 
persicus (Oken 1818). Part III. (With Plates XXV- 
XXVIII and 8 Text-figures) A 


PUBLICATIONS RECEIVED 
INDEX OF AUTHORS 


INDEX OF SUBJECTS 


PARASITOLOGY is published about four times a year. The numbers 
afterwards are issued in volumes each containing four numbers and amount- 
ing to between 400 and 500 pages, with plates and figures. 


Papers for publication should be sent to Professor Geo. H. F. 
Nutratt, F.R.S8., Longfield, Madingley Road, Cambridge, or to the Associate 
Editor. Other communications should be addressed to the University 
Press, Cambridge. 


Papers forwarded to the Editors for publication are understood to be 
offered to PARASITOLOGY alone, unless the contrary is stated. 


Contributors receive seventy-five copies of their papers free. Additional 
copies, not exceeding 200, may be had at cost price: these should be ordered 
when the final proof is returned. 


The subscription price is £1. 10s. per volume (post-free), payable in 
advance ; single numbers 10s. net (double number 20s. net). Subscribers to the 
Journal of Hygiene may obtain single numbers of PARASITOLOGY at the 
reduced price of 7s. 6d, net, or may become subscribers at the reduced rate 
of £1. 1s. per volume. Subscriptions may be sent to any Bookseller, or to 
Mr C. F. CLAY, Manacer, Cambridge University Press, Fetter Lane, 
London, E.C. 

The prices of back volumes are as follows : 

Volumes I, II, III and IV (1908-11). Each volume in four parts, 
paper covers, 21s. net per volume. Bound in buckram, 25s. net per volume. 


Volumes V and VI (1912-14). Each volume in four parts, paper covers, 
30s. net per volume. Bound in buckram, 34s, 6d. net per volume. 


CAMBRIDGE : PRINTED BY JOHN CLAY, M.A. AT THE UNIVERSITY PRESS. 
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